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Foundry  Work. 

Less  attention  has  been  paid  to  the  moulding  of 
specific  patterns,  except  when  such  attention  was 
desirable  to  exemplify  some  particular  set  of  conditions 
not  generally  met  with. 

References  to  appliances  have  been  limited  in  extent, 
except  to  tools  and  machines  for  the  production  of  moulds. 
The  general  equipment  of  a  foundry  requires  much 
more  space  than  can  be  allocated  to  it  in  such  a  volume 
as  the  present. 

The  qualities  of  cast  iron  and  the  effects  produced  on 
it  by  different  elements  in  varying  quantities,  and  in  the 
presence  or  absence  of  each  other,  are  too  often  imper- 
fectly, or  quite  unknown  to  the  foundry  man.  It  is  hoped 
that  the  method  of  treatment  here  followed  and  the 
information  given — the  result  of  experience  in  dealing 
with  irons  of  different  qualities — will  prove  of  service. 
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IV.  PREFACE. 

That  too  much  attention  cannot  be  paid  to  the  broad 
principles  underlying  the  work  is  a  truism  applicable  to 
every  craft.  It  has  a  special  application  in  ironfounding. 
There  is  probably  no  industry  in  which  empiricism  of  the 
crudest  type  is  more  commonly  to  be  met  with. 

Moulders  are  among  the  most  skilled  and  self-reliant 
of  craftsmen,  but  their  knowledge  is  too  often  limited 
to  the  materials  and  conditions  under  and  with  which 
they  have  actually  worked,  without  the  knowledge  of  the 
causes  governing  the  conditions  or  influencing  the 
character  of  the  materials.  So  long  as  conditions  remain 
constant  they  can  secure  good  results.  Without  this 
knowledge,  the  substitution  of  one  material  for  another, 
or  the  mastery  of  a  new  set  of  conditions  can  often  only 
be  attained  through  a  series  of  failures  resulting  from 
misguided  and  futile  attempts  to  solve  the  problem  in 
hand.  These  are  both  expensive  and  depressing. 

Often  when  success  has  been  attained  the  real  secret 
of  it  is  so  mixed  up  with  unnecessary  complications 
that  it  is  impossible  to  state  precisely  wherein  it  lies. 
This  makes  repetition  difficult  and  makes  "  waster  " 
castings  too  common.  An  attempt  has  been  made 
throughout  to  refer  back  to  first  principles,  and  it  is 
hoped  thus  to  furnish  the  necessary  information  to 
indicate  the  probable  causes  of  difficulties  and  enable  the 
work  to  be  undertaken  with  certainty  and  a  reasonable 
chance  of  success. 
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The   Principles  and   Practice 
of   Ironfounding. 


CHAPTER  I. 
IRON  AND  STEEL  IN  THE  FOUNDRY. 

Suitability  of  a  Metal  for  Making  Castings.— Many  points 
have  to  be  taken  into  consideration  in  determining 
whether  or  not  a  metal  will  make  good  castings  :  (1) 
Temperature  of  fusion,  (2)  specific  heat,  (3)  latent  heat 
of  fusion,  (4)  tendency  of  metal  to  become  crystalline, 
(5)  extent  to  which  it  absorbs  gases  during  melting,  and 
gives  them  out  as  it  cools,  (6)  the  amount  of  contraction 
which  occurs  during  cooling,  or  any  other  change  in 
volume  which  may  take  place.  Primarily,  the  suitability 
will  depend  on  the  changes  during  cooling,  and  the 
tendency  to  give  out  gases.  During  the  cooling  of  a 
metal  from  fusion  many  changes  may  occur  \vhich 
seriously  affect  its  qualities.  With  a  pure  metal  the 
principal  changes  are  due  to  (1)  the  assumption  of  a 
crystalline  form,  a  structure  which  may  be  either  weak 
or  brittle  or  both,  owing  to  the  ultimate  strength  being 
dependent  on  the  adhesion  of  the  crystal  faces  in  contact 
with  each  other.  The  larger  and  more  distinct  the 
crystals  are  and  the  more  noticeable  these  defects  become. 
Where  crystals  interlock  the  structure  will  be  stronger. 

The  crystals  will  not  necessarily  be  definite  geo- 
metric forms,  owing  to  the  regular  development  of  the 
crystal  being  interfered  with  by  the  crowding  of  one 
crystal  on  another.  In  cavities  where  development 
is  possible,  regularity  of  form  may  be  attained.  (Fig.  1.) 
Many  pure  metals  are  capable  of  existing  in  two  or 
more  distinct  varieties,  just,  for  example,  as  the  element 
carbon  exists  as  uncrystaUised  carbon  in  charcoal,  and 
crystallised  as  diamond  and  graphite  (plumbago).  These 
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2          IRON  AND  STEEL  IN  THE  FOUNDRY. 

different  forms  are  often  assumed  when  the  metal  is 
heated  to  or  cools  to  a  certain  temperature.  This  is 
known  as  a  "  critical  temperature."  Above  the  critical 


FIG.  1. -CRYSTALLISED  IKON. 


temperature,  the  metal  assumes  certain  special  properties, 
and^below  that  temperature  if  allowed  to  cool  gradually 
it  presents  other  properties.  Without  discussing  the 
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nature  of  the  changes,  the  different  qualities  exhibited 
by  ordinary  tool  steel  when  made  red  hot  and  quenched, 
and  when  allowed  to  cool  slowly,  may  be  referred  to  by 
way  of  illustration.  These  critical  points  may  be  below 
the  melting  point  of  the  metal,  and  when  the  required 
temperature  is  attained  the  character  of  the  material 
changes.  Generally  speaking,  the  change  occupies  a 
sensible  time  for  its  completion  and  requires  the  main- 
tenance of  the  critical  temperature  during  the  change. 
If  the  heat  be  rapidly  removed  by  quenching  so  that 
this  requirement  is  not  fulfilled,  the  metal  remains  in 
the  state  in  which  it  existed  at  the  moment  of  cooling. 


FIG.  2.—  CEMEXTITE  ROUND  GRAINS  OF  PEARLITE  IN  CARBURISED  IRON  CONTAINING 
1-25  PER  CENT.  CARBON  AFTER  SLOW  COOLING.    MAGNIFIED  90  TIMES. 

This  must  in  such  cases  be  a  state  not  naturally  assumed 
by  the  metal  if  left  to  itself  during  cooling,  and  there  is 
an  internal  (molecular)  strain  which  will  be  constantly 
tending  to  cause  the  metal  to  attain  its  natural  con- 
dition. Every  influence  which  makes  that  return 
possible  will  be  availed  of  to  the  fullest  extent.  In 
some  cases,  generally  with  pure  metals,  it  is  the  nature 
of  the  crystals  which  vary  with  the  temperature. 

Crystallisation. — The  natural  condition  of  most,  if 
not  all,  metals  is  crystalline,  and  any  treatment, 
especially  prolonged  heatjtreatment,  which  gives  motion 
to  the  particles  or  molecules,  will  tend  to  make  the 
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metal  crystalline,  even  if  that  condition  does  not  already 
exist.  (Fig.  2.) 

With  impure  metals  and  mixtures  of  metals — alloys — 
these  and  various  other  changes  may  occur.  One  or 
other  of  the  metals  or  metalloids  may  separate  more  or 
less  completely  from  the  general  mass.  This  change  may 
take  place  during  cooling  from  fusion,  during  solidifica- 
tion, or  subsequent  to  its  becoming  solid. 

There  appears  to  be  in  many  metals  a  state  of  semi- 
fusion,  during  which  considerable,  if  not  complete, 
rearrangement  of  the  constituents  may  take  place.  A 
substance,  when  first  separated,  may  not  necessarily 
crystallise,  but  subsequently  while  the  metal  is  in  a 


FIG.  3.— PHOSPHORIC  COPPER  0-3  P,  SHOWING  SEPARATION  OF  PHOSPHIDE  HOUND 
GRAINS  UNDER  HIGH  MAGNIFICATION. 

pasty  state,  or  in  a  state  bordering  on  fusion,  collect  into 
segregations  and  eventually  crystallise.  Even  the  separa- 
tion is  in  some  cases  possible  at  this  stage,  and  may 
account  for  changes  of  volume  that  often  occur.  See 
below. 

Extrusion  of  Impurities  During  Solidification. — The  fact 
that  bodies  crystallising  from  solution  leave  the  accom- 
panying impurities  in  the  solvent  water,  is  generally 
known.  It  is  a  common  method  of  purifying  soluble 
substances.  The  same  principle  applies  to  a  melted 
mixture  of  metallic  and  other  bodies,  and,  speaking 
generally,  there  is  a  tendency  for  the  impurities  to  be 
excluded  from  the  crystals  that  form.  This  exclusion 
is  not  likely  to  be  complete — indeed,  it  is  not  so  with 
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substances  crystallising  from  solution  in  water,  con- 
ditions much  more  favourable  than  the  solidification  of 
melted  metals — and  some  will  remain  locked  up,  so  to 
speak,  in  the  matter  forming  the  crystal.  Much,  how- 
ever, will  be  rejected  and  crowded  outside  the  crystals, 
and  may  form  a  thin  film  enveloping  the  crystal  more  or 
less  completely,  or  may  collect  at  the  junction  of  the 
angles  of  crystals.  Figs.  2  and  3  show  examples  of  this. 

Sometimes  more  than  one  metal  or  impurity  separates 
in  this  way.  Often  compound  bodies  of  definite  com- 
position separate  from  the  general  body  of  material, 


FIG.  4. — HIGHLY  CRYSTALLISED  IRON,  SHOWING  PERFECT  CUBIC  CLEAVAGE 
(ON  RIGHT). 

either  by  crystallisation,  or  on  account  of  their  lower 
melting  points.  Thus,  sulphide  and  phosphides  of  iron 
may  separate  from  iron  as  it  crystallises.  The  tendency 
of  a  substance  to  separate  is  greatly  influenced  by  the 
presence  of  other  bodies. 

As  previously  remarked,  it  is  not  necessary  for  the 
grains  of  metal  to  present,  when  cold,  the  definiteness 
of  shape  we  usually  associate  with  a  crystal,  since,  in 
crystals,  every  particle  is  capable  of  arranging  itself  at 
any  point  so  as  to  continue  the  building  up  of  the  crystal. 
In  crowded  situations,  therefore,  it  is  clear  that  the 
particles  can  arrange  themselves  exactly  in  regard  to 
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each  other,  as  they  would  in  producing  a  perfect  crystal 
under  freer  conditions,  so  that  the  grains  or  crystallo- 
granules  formed  have  all  the  physical  characters  of  the 
crystallised  body,  but  perhaps  few  of  them  can  claim 
to  have  a  crystalline  outline  of  the  shape  one  would 
expect.  The  crystalline  properties  lie  in  the  molecules 
uniting  to  form  the  crystal,  and  the  definite  forms  of 
crystals  are  only  a  visible  expression  of  the  inherent 
characters  of  the  particles  of  the  substance.  The 
boundaries  of  the  grains  are  often  matter  which  has  been 
separated  during  the  crystallisation  while  cooling. 

When  a  body  solidifies  it  may  change  its  volume.  If 
it  expands  it  becomes  lighter.  If  it  contracts,  denser, 
i.e.,  heavier. 

Separation  of  different  constituents,  if  it  takes 
place,  occurs  at  different  temperatures.  In  cooling, 
that  substance  first  separates  which  has  the  highest 
melting  point  or  is  least  soluble.  It  must  not,  however, 
be  thought  that  the  body  thus  separated  can  move 
about  in  the  fluid  remainder. 

Progress  of  Solidification.— The  solidification  commences 
at  the  cooling  surfaces,  and  progresses  inwards,  the  heat 
being  conducted  away  through  the  solid  outer  layer,  and 
the  matter  which  solidifies  attaches  itself  to  that  already 
formed,  and  produces  a  skeleton  which  penetrates  into 
and  ramifies  through  the  fluid  which  is  included  in  it, 
and  interferes  with  its  free  motion.  Nevertheless,  the 
tendency  of  the  matter  deposited  to  attach  itself  to  that 
already  solid  causes  the  portion  still  fluid  to  be  crowded 
towards  the  region  of  highest  temperature,  and  produces 
a  concentration  of  certain  elements  in  the  interior  of  the 
casting.  There  is  consequently  no  tendency  to 
float  up  to  the  top  or  sink  to  the  bottom,  as  would  other- 
wise occur.  Of  course,  if  the  main  portion  of  the  mixture 
has  a  much  lower  melting  point  than  the  separated 
constituent,  the  latter  may  float  up  or  sink.  This  occurs 
with  the  carbon  which  separates  from  pig  iron  as  it  stands 
in  the  ladle,  the  "  scurf  "  which  forms  being  largely  com- 
posed of  graphite.  Ordinarily,  however,  complete  sepa- 
ration does  not  occur. 

The  Size  Attained  by  Crystals  depends  on  the  slowness 
with  which  they  are  produced,  and  every  cause  which 
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prolongs  the  cooling  tends  to  increase  the  size  of  the 
crystals  and  promote  the  separation  of  foreign  matters. 

Fig.  4  shows  iron  crystals  from  under  a  steel  furnace 
bed. 

Influence  of  Specific  and  Latent  Heat. — Apart  from  slow 
cooling — the  result  of  the  slow  abstraction  of  sensible 
heat  from  the  fluid  metal — the  heat  set-  free  by  the  solidi- 
fication of  the  metal  helps  to  prolong  the  cooling.  Bodies 
therefore  with  high  latent  and  specific  heats  cool  more 
slowly  under  the  same  conditions  than  bodies  with  lower 
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latent  and  specific  heats,  so  that  greater  differentiation 
of  parts  due  to  more  complete  separation  ensues. 

The  liberation  of  heat  which  takes  place  when  solidifi- 
cation or  other  physical  change  occurs,  may  be  rendered 
apparent  by  introducing  a  pyrometer*  into  the  fused 
metal  and  observing  the  rate  of  cooling.  When  the 
instrument  is  put  into  a  fused  substance  that  solidifies 
as  a  whole,  the  temperature  falls  regularly  till  the  melting 
point  is  reached,  and  then  stands  nearly  stationary  till 
solidification  is  completed,  after  which  it  again  falls 
regularly.  The  time  during  which  it  remains  stationary 
is  determined  by  the  amount  of  heat  liberated  by  the 

*  For  description  see  "  Elements  of  Metallurgy."     Prof.  Roberts- Austen. 
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'¥ 

solidification  and  the  rate  at  which  it  is  removed.     Fig. 
5  shows  a  curve  of  the  cooling  of  pure  copper. 

With  mixtures  of  metals,  or  with  metals  containing 
impurities,  the  behaviour  is  different.  For  example, 
when  placed  in  a  mixture  of  metals  or  an  alloy,  a  fall  of 
temperature  is  first  registered,  then,  as  before,  the  fall 
is  arrested,  and  after  a  time  begins  again,  is  arrested  a 
second  time  and  again  falls,  may  be  again  arrested,  and 
finally  cools  off  regularly.  Two  or  more  breaks  in  the 
curve  of  cooling  may  occur.  Thus  an  alloy  of  60  per 
cent,  copper  and  40  tin  shows  three  points  at  which 
the  cooling  is  arrested.  Such  metals  when  properly 
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FIG.  6. — SHOWING  INCIPIENT  CRYSTALLISATION  IN  SLOWLY  COOLKD  STEEL. 

polished,  etched,  and  examined  under  the  microscope 
are  seen  to  consist  of  several  constituents,  as  shown  by 
differences  of  colour  and  structure. 

Often  by  quenching  a  metal  at  a  temperature  above 
one  of  these  breaks  it  can  be  seen  on  polishing  and 
etching  that  one  or  other  of  these  constituents  has  not 
separated,  and  it  becomes  possible  to  identify  the  con- 
stituent which  separated  at  the  break  below  the  quenching 
temperature. 

The  bodies  which  separate  may  be  chemical  com- 
pounds of  some  of  the  constituents.  While  in  the  fluid 
state  these  are  held  in  solution  by  the  other  constituents  ; 
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but  when  the  solidifying  point  of  the  compound  is  reached 
they  separate  and  give  out  heat  in  becoming  solid.  In 
separating  they  generally  assume  the  crystalline  characters 
belonging  to  the  body,  and  if  not  prevented  the  crystalline 
form  also.  At  lower  temperatures  other  compounds,  more 
fusible  than  the  first  but  less  fusible  than  the  remainder, 
may  separate,  leaving  a  residue  which  still  remains 
molten.  This  contains  tHe  remainder  of  the  constituents 
of  the  mixture  and  may  consist  of  various  compounds 
of  lower  melting  points  with  some  of  the  substances  last 
separated  still  hi  solution.  If  the  melting  points  of 
some  of  these  are  very  close  together  they  may  solidify 


Fie.  7.— SHOWING  INCIPIENT  CRYSTALLISATION  IN  THE  HALF-TONE  AREAS, 
MAGNIFIED  900  TIMKS. 


rapidly,  but  at  the  moment  of  solidification  separation 
of  the  bodies  may  occur  although  the  separated  matters 
cannot  collect  together  4  but  must  remain  intimately 
mixed  with  each  other.  This  is  sometimes  apparent  in 
incipient  crystallisation.  (See  Figs.  6  and  7.)  In  others 
the  materials  remain  sandwiched  together  presenting  more 
or  less  parallel  layers  when  cut  across.  This  last  portion 
to  solidify  is  the  "  Eutectic"  of  the  mixture,  or  probably 
not  a  true  eutectic,  but  the  nearest  approach  to  it  that 
the  mixture  and  conditions  of  cooling  will  allow.  They 
generally  exhibit  under  the  microscope  a  banded 
structure.  (See  Fig.  8.) 
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During  this  solidification  bodies  which  are  least 
soluble  are  often  rejected  and  form  envelopes  round  the 
grains  as  previously  stated.  These  are  often  the  worst 
impurities  the  metal  can  contain,  and  most  greatly 
influence  its  properties.  The  changes  just  described 
occur  while  a  body  is  cooling  from  fusion,  but  separation 
and  solution  are  not  dependent  on  the  fluid  condition. 
Many  changes  of  this  nature  *occur  after  the  body  has 
assumed  the  solid  state,  and  may  be  reversed  while  the 
body  remains  in  the  solid  state.  Many  eutectics,  for 
example,  may  have  the  structure  obliterated  by  heating 
the  metal  above  the  point  at  which  its  formation  occurred 


FIG.  8.— PIG    IRON,  SHOWING   PKAKLITE  WITH  EUTECTIC  CONTAINING  PHOSPHORUS 
AND  SILICON.    THE  MIDDLE  is  OCCUPIED  BY  A  SULPHIDE  SEGREGATION. 

and  rapidly  cooling  the  metal.  Evidently  the  separated 
constituents  have  redissolved.  This  is  a  case  of  solid 
solution.  If  the  solution  be  heated  and  allowed  to  cool 
naturally  separation  will  again  occur.  The  original 
structure  may  not  be  exactly  reproduced,  since  the 
temperature  from  which  cooling  takes  place  is  lower. 

The  completeness  with  which  such  separations  take 
place  will  naturally  depend  on  the  length  of  time  during 
which  the  temperature  at  which  separation  is  possible 
is  prolonged,  so  that  very  slow  cooling  through  the 
critical  temperature  will  produce  the  greatest  separation 
while  heating  to  the  temperature  at  which  solution 
occurs,  and  cooling  rapidly  may  retain  the  substance  in 


IRON   AND   STEEI<  IN  THE   FOUNDRY.  11 

solution,  conferring  upon  the  whole  mass  properties 
entirely  different  from  those  it  possesses  when  they  are 
separate,  since  in  this  condition  crystallisation  effects 
are  diminished  or  obliterated  altogether  and  greater 
continuity  exists. 

It  is,  for  example,  from  causes  such  as  these  that  the 
great  differences  observed  in  such  metals  as  ordinary 
carbon  steel,  subjected  to  different  kinds  of  heat  treat- 
ment, oil  hardening,  water  quenching,  annealing,  soak- 
ing, &c.,  are  due.  These  differences  can  be  observed  on 
prepared  specimens  under  the  microscope,  and  various 
names  are  employed  to  distinguish  appearances  arising 
from  the  difference  of  constitution. 

This  possibility  of  separation  and  solution  in  the 
solid  state  is  of  great  importance  in  foundry  work.  The 
effects  produced  by  annealing  castings,  the  greater  soft- 
ness of  heavy  as  compared  with  light  castings,  and  the 
production  of  malleable  castings  are  the  result  of  these 
changes. 

The  separation  of  the  carbon  in  annealing  for  malleable 
casting  and  the  growth  of  the  graphite  flakes  in  heavy 
castings  while  cooling  are  specially  important  to  the 
founder.  Before  separation  occurs  at  any  tempera- 
ture the  solution  must  be  saturated.  If  nitre  be  dis- 
solved in  cold  water  till  no  more  is  taken  up,  on  warming 
it  will  dissolve  much  more,  and  on  cooling  again  this 
surplus  would  separate,  leaving  the  solution  saturated. 
On  further  cooling  more  would  separate,  and  so  on.  Many 
substances  dissolve  sparingly,  the  solvent  soon  attaining 
the  saturation  point.  Similarly  with  metallic  solutions. 
Some  of  the  constituents  which  dissolve  in  others  are 
very  soluble,  and  others  only  slightly  so,  so  that  when 
cooling  under  suitable  conditions  of  mobility,  a  dis- 
solved body  may  pass  out  of  solution,  and  collect  more 
or  less  completely. 

Isomorphism. — Bodies  which  crystallise  in  the  same 
form  are  said  to  be  isomorphous.  Many  isomorphous 
substances  have  similar  chemical  constitution.  Such 
substances  may  replace  each  other  in  the  same  crystal 
to  an  indefinite  extent  without  altering  its  form,  and 
consequently  a  crystal  produced  from  a  mixture  may 
not  be  the  pure  metal  but  contain  others.  Thus  iron 
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grains  may  retain  manganese  and  other  metals,  while  it 
rejects  sulphide  and  phosphide  of  iron  and  manganese 
except  such  as  is  retained  in  solution. 

The  similarity  of  form  and  constitution  does  not 
prevent  the  substance  thus  isomorphously  replacing 
another  from  modifying  its  other  characters.  The 
hardness,  density,  malleability,  toughness,  and  the 
solubility  of  other  bodies,  may  all  be  more  or  less  affected, 
and  produce  a  metallic  aggregate  whose  properties  are 
quite  different  from  those  it  would  present  if  those  metals 
were  absent.  The  influence  of  chromium,  nickel,  and 
manganese  on  iron  may  be  cited  as  instances. 

Separation  into  Constituents  may  Destroy  its  Value  as 
a  Casting  Metal. — This  is  especially  the  case  when 
separation  occurs  at  considerable  intervals  of  tempera- 


FIG.  9. — SHOWING  A  SEGREGATION  OF  SULPHIDE  OF  MANGANESE  IN  STEEL, 

MAGNIFIED  600  TIMES. 
(In  the  original,  cracks  can  be  seen  crossing  the  black  mass.) 

ture  below  the  fusion  point,  because  of  the  probable 
lack  of  cohesion  between  the  crystals  of  the  different 
substances,  the  weakness  being  greatest  when  the  tempera- 
tures are  most  widely  separated  and  the  differentiation 
most  complete. 

Weakness  may  be  Increased  by  Heat  Changes. — Different 
bodies  expand  by  different  amounts  for  the  same 
temperature,  and  crystals  often  expand  unequally  in 
different  directions.  Heat  variations  in  such  a 
composite  mass  are  therefore  likely  to  lead  either  to 
displacement  of  the  crystals  (positive  strains)  or  to  a 
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tendency  to  produce  displacement — stresses.  There  is 
least  possibility  of  this  occurring  when  the  metal  is 
homogeneous.  Consequently  such  metals  are  stronger, 
and  the  introduction  of  substances  tending  to  promote 
this  condition  by  increasing  the  solubility  of  one  in  the 
other,  or  itself  forming  a  solvent  for,  or  uniting  the  other 
constituents  will  produce  strength. 

The  value  of  this  is  seen  in  many  alloys  of  copper 
and  in  steels. 

Internal  Flaws  may  Result  from  the  Contraction  of  Fluid 
Impurities  when  Solidifying  after  the  Bulk  of  the  Metal.— 
The  impurities  which  separate  during  the  solidifica- 
tion often  remain  fluid  after  solidification  is  other- 
wise complete.  This  may  cause  great  weakness 
when  the  metal  is  heated  by  reducing  the  adhe- 
sion of  the  crystal  grains.  If  completely  surrounding 
the  grains  the  adhesion  may  be  destroyed.  In  that  case 
the  strength  will  depend  on  the  strength  of  the  impurity, 
and  of  its  power  of  adhesion  to  the  crystals.  If  the 
impurity  segregates,  and  contracts  when  it  solidifies, 
small  cavities  and  microscopic  cracks  may  be  produced. 
(See  Figs.  9  and  10.)  These  may  be  insignificant  in 
themselves,  but  may  behave  in  much  the  same  manner 
as  a  nick  in  a  bar  of  metal  when  bending  for  breaking. 
Without  the  nick,  the  bar  may  be  bent  double,  with  the 
nick  fracture  occurs.  So  in  the  molecular  move- 
ments which  occur  as  the  result  of  temperature  changes, 
vibration,  and  small  strains,  the  crack  may  extend 
and  division  may  occur  until  the  effective  area  of 
section  of  the  metal  may  be  so  reduced  that  the  tensile 
strength  is  nearly  equal  to,  or  less  than,  the  normal  load, 
and  any  extra  demand  on  the  resistance,  although  much 
less  than  the  original  strength  of  the  metal,  may  lead 
to  fracture. 

The  Electrical  Conductivity,  and  possibly  the  magnetic 
properties,  may  also  be  seriously  affected.  Obviously,  the 
interposition  of  a  badly-conducting  material  between 
the  grains  of  metal  will  greatly  increase  the  resistance, 
and  this  will  depend  on  the  completeness  of  the  invest- 
ment and  the  thickness  of  the  film.  It  is  probable  that 
the  amorphous  condition  is  best  in  these  respects,  a  fact 
that  probably  accounts  for  the  greater  magnetic  perme- 
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ability  of  wrought  iron  as  compared  with  mild  steel, 
even  though  the  latter  does  not  contain  any  more  carbon 
than  the  iron  does,  the  mere  fact  of  the  crystalline 
character  being  responsible  for  the  charge. 

Cracks  and  even  cavities  of  large  size  may  be  produced 
by  the  contraction  of  the  last  portion  of  the  mixture  to 
solidify.  Certain  mixtures  of  pig  iron,  notably  those  con- 
taining considerable  amounts  of  manganese,  phosphorus, 
and  silicon,  and  deficient  in  carbon,  leave  as  a  eutectic 
with  a  low  melting  point  a  mixture  containing  these 
elements.  When  this  finally  solidifies,  the  temperature 
of  the  surrounding  mass  is  so  low  (comparatively)  that 
the  small  amount  of  latent  heat  evolved  is  conducted 
away  rapidly  and  it  solidifies  suddenly  and  completely, 
contracting  largely  as  it  does  so.  The  result  is  either 
to  produce  "  draws  "  where  the  metal  mass  is  not  large, 
and  cavities  and  draws  where  the  mass  is  greater. 
Curvature  and  bending  in  castings  of  unequal  thickness 
are  assignable  to  a  similar  cause.  This  will  be  dealt  with 
later. 

During  the  cooling  down,  or  during  subsequent  re- 
heating, changes  may  occur  which  lead  to  the  separation 
of  constituents  originally  in  solution  in  or  in  com- 
bination with  each  other.  This  leads  to  an  increase  in 
volume.  The  first  effect  of  the  increase  will  be  to  relieve 
such  stresses  as  may  exist  due  to  varying  degrees  of 
contraction  taking  place  at  different  stages  in  the  course 
of  the  solidification  and  cooling  ;  secondly,  to  fill  up  any 
inter  crystalline  spaces  (not  cavities)  that  may  exist  in 
that  portion  of  casting  in  the  vicinity  of  the  changes, 
and  afterward  to  cause  the  expansion  of  the  body  as  a 
whole,  so  that  its  final  dimensions  may  be  greater  than 
the  original.  This  occurs  in  annealing  castings. 

Fig.  11  shows  graphite  crystals  in  silicospiegel  pro- 
duced in  this  way. 

Keep  has  shown  that  the  combined  carbon  in 
cast  iron  diminishes  during  cooling  with  a  corresponding 
increase  in  the  graphite  present.  See  Chapter  II.,  testing 
of  cast  iron,  p.  65. 

Relation  of  Cast  Iron  to  Other  Forms  of  Iron  and  Steel.— 
Cast  iron  differs  from  other  kinds  of  iron  in  containing  a 
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larger  amount  of  impurity.  Some  forms  of  soft  iron  and 
mild  steel  are  nearly  pure  iron  ;  cast  iron,  however, 
seldom  contains  more  than  95  per  cent,  of  iron,  and  often 
not  more  than  90  per  cent.  The  remainder  consists  of 
carbon,  silicon,  manganese,  phosphorus,  and  sulphur. 
Occasionally  other  elements  are  present.  It  is  to  these 
impurities  that  the  differences  in  its  character — for 
example,  its  lack  of  malleability  and  ductility,  its  brittle- 
ness  and  lower  tensile  strength,  and  lower  melting  point — 
are  due.  The  exact  effect  produced  varies  with  the 
amount  and  nature  of  the  impurities  and  the  way  they 


FIG.  10.— STEEL  COXTAIXIXG  1  PER  CENT.  SULPHUR. 
(The  dark  areas  are  sulphide  of  iron  ;  the  white  areas  iron  X  HO.)     (Stead.) 


are  present  in  the  metal,  so  that  various  kinds  of  pig  iron 
result  from  the  smelting  of  different  kinds  of  material- 
iron  ore  or  iron  stone — and  also  from  differences  in  the 
manner  in  which  the  smelting  process  is  carried  on.  As  a 
consequence,  while  iron  from  a  given  furnace  or  locality  may 
be  generally  good,  it  is  possible,  owing  to  some  change — 
intended  or  accidental — for  the  metal  to  be  very  different. 
In  castings,"variations  in  the  character  of  the  metal  are 
produced  by  judiciously  mixing  different  brands  of  pig 
iron  and  scrap,  and  controlling  the  manner  of  cooling, 
and  other  after-treatment  which  the  metal  receives. 
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Table  shoiving  Composition  of  Various  Forms  of  Iron. 
Variations  per  Cent. 


Kind  of 
Iron. 

Silicon. 

Carbon. 

Manga- 
nese. 

Phosphorus. 

Sulphur. 

Pig  iron  .  . 

0-5—4 

2—4-5 

0—2 

Traces—  1-5 

Traces—  0-2 

Wrought 

iron    .  . 

Traces—  O'l  ;  0-05—0-25 

o—o-i 

Do.    —0-2 

Do.  —0-1 

Mild  steel 

Do.   —  0-3  i  0-06—  0-5 

0-3—1-0 

Do.   —0-08 

Do.  —0-08 

Steel     .  . 

Traces... 

0-5  —1-7 

0—0-25 

Do.    —0-03 

Do.  —0-03 

The  above  figures  relate  to  commonly-occurring 
ordinary  brands,  but  for  special  purposes  these  figures 
may  be  exceeded.  For  example,  spiegeleisen  and  ferro- 
manganese  contain  up  to  85  per  cent,  of  manganese; 
silico  spiegel,  12  per  cent,  silicon  and  25  per  cent,  man- 
ganese ;  basic  pig  iron,  3  •  5  per  cent,  of  phosphorus  ; 
while  special  forms  of  steel  may  contain,  in  addition  to 
the  foregoing  elements,  chromium,  nickel,  much  man- 
ganese or  silicon,  tungsten,  and  other  metals. 

Pure  Iron. — If  we  are  to  appreciate  the  effects  pro- 
duced by  these  substances,  it  is  necessary  to  be  acquainted 
with  the  properties  of  pure  iron. 

Free  from  carbon  and  other  elements,  it  is  a  soft, 
highly-malleable,  and  ductile  metal  of  high  tensile  strength. 
Its  melting  point  is  1,600°C.  If  exposed  to  the  air  while 
molten,  or  heated  nearly  to  this  temperature,  it  loses  its 
malleability,  &c.,  and  becomes  "  burnt."  It  cannot 
consequently  be  used  for  castings.  The  purest  employed 
in  the  form  of  mild  steel  for  electro-magnetic  work  con- 
tains 0-05  per  cent,  carbon  and  0-23  per  cent,  manganese, 
with  traces  of  silicon,  sulphur,  phosphorus.  It  is  exceed- 
ingly difficult  to  obtain  satisfactory  castings.  Among 
wrought  irons,  the  Swedish  charcoal  bar  irons  are  freest 
from  impurity. 

Influence  of  Impurities  on  Iron. — The  general  effects 
of  the  impurities  were  alluded  to  above,  but  as  the 
foundry  capabilities  depend  on  the  changes  produced  a 
detailed  consideration  is  necessary.  These  substances 
are,  perhaps,  better  described  as  constituents  of  the 
metal,  for  without  them  it  would  be  impossible  to  produce 
castings. 
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Nature  of  Cast  Iron. — The  metal  is  a  complex  mixture 
of  many  substances.  Some  of  them  are  chemical  com- 
pounds, others,  elements  in  a  free  state  ;  some  solidified 
solutions  or  mixtures,  all  in  admixture  with  each  other. 
Often  the  different  characters  of  adjoining  grains  are  visible 
to  the  naked  eye  or  with  a  small  lens.  Some — for  example, 
graphite — are  easily  distinguished,  while  others  require 
the  surfaces  to  be  specially  polished,  etched,  and  highly 
magnified  to  make  the  difference  discernible. 

Each"  of  these  bodies,  as  well  as  the  manner  in  which 
they  are  aggregated,  produces  its  effect  on  the  physical 


FlG.    11. — SlLICO-SPIEGEL  IX   BEAR   FROM   BLAST   FURNACE. 

(The  whole  surface  is  coated  with  graphite.) 

characters  of  the  casting,  influencing  its  tenacity,  tough- 
ness, hardness,  or  behaviour  with  heat. 

Elements  Present  in  Cast  Iron. — Carbon,  silicon, 
phosphorus,  manganese,  and  sulphur.  These  are 
generally  present,  the  amounts  varying  with  the  ores 
and  method  of  smelting.  The  amounts  of  phosphorus  and 
manganese  are  fairly  constant  in  iron  smelted  from  the 
same  materials,  so  that  in  a  given  district  they  do  not 
vary  much.  Silicon  and  sulphur  vary  widely  with  the 
working  conditions  of  the  smelting  furnace  and  the  com- 
position of  the  charge.  Since  they  exert  a  great  influence 
on  the  castings,  they  must  be  closely  watched. 

Bi 
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Carbon  is  invariably  present  in  considerable  amounts, 
but  the  quantity  and  the  manner  in  which  it  exists  are 
dependent  on  the  smelting  conditions  and  the  amounts 
of  other  constituents  present.  As  it  is  the  one  essential 
constituent,  and  directly  influences  the  quality  of  the 
metal  to  a  greater  extent  than  any  other,  it  becomes 
necessary  to  carefully  study  its  effects,  and  how  these  are 
modified  by  the  presence  of  other  substances. 

Besides  the  five  elements  enumerated,  arsenic, 
titanium,  chromium,  copper,  and  sometimes  tungsten 
are  present  in  pig  iron  from  particular  localities. 

Carbon. — This  element  occurs  in  pig  iron  in  amounts 
varying  from  2  to  4-  5  per  cent.  This  is  present  in  various 
forms  : — 

1  C  Graphite. 

Free         2  -j  Amorphous       carbon,       or       temper 
[      graphite. 

3  ( Carbide     of     iron,     cement     carbon, 
Combined  -!      or  cementite,  Fe3C. 

4  [  Hardening  carbon,  or  "missing"  carbon. 

Graphite. — The  qualities  of  this  body  are  known  to 
every  reader.  Its  semi-metallic,  leaden-grey  colour, 
and  its  soapy  or  greasy  feeling,  and  its  lubricating  and 
heat-resisting  properties,  are  familiar.  The  graphite  in 
pig  and  cast  iron  exists  in  flakes  which  are  generally 
interposed  between  the  granules  of  metal  in  every  direc- 
tion. Sometimes,  when  the  metal  is  in  large  crystals, 
the  flakes  are  sandwiched  between  the  plates  of 
metal  of  which  the  crystal  is  built  up.  This  is,  how- 
ever, an  exceptional  case.  When  the  graphite  separates 
from  the  metal  completely  it  may  form  flakes  on  the 
outside  of  the  pig,  and  is  then  known  as  kish. 

Detection  of  Graphite. — The  presence  of  the  graphite 
may  be  recognised  in  various  ways.  In  very  open  or 
coarse  grained  grey  iron  the  glistening  scales  may  be 
easily  detached  by  the  point  of  a  knife,  while  if  some 
filings  of  grey  iron  be  rubbed  in  the  hand,  or  if  the  hand 
be  held  against  the  surface  of  a  casting  being  machined 
in  the  lathe,  the  characteristic  black-leading  of  the  hand 
that  occurs  proves  its  presence. 

If  the  filings  or  fine  turnings  be  carefully  washed,  it  is 
not  difficult  to  separate  the  lighter  graphite  from  the 
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heavier  metal.  Besides  the  mechanical  methods  of  prov- 
ing its  presence,  it  can  be  separated  by  a  simple  chemical 
process  even  more  effectively.  Iron  dissolves  readily  in 
hydrochloric  acid  (spirits  of  salt  or  muriatic  acid).  Gra- 
phite is  not  affected  by  it.  If,  therefore,  some  grey 
cast-iron  borings  be  placed  in  a  glass  vessel  and  sufficient 
dilute  acid  added,  the  metal  dissolves. 

This  is  attended  by  a  brisk  evolution  of  gas,  which 
will  burn  if  ignited.  It  is  principally  hydrogen,  but  the 
foul  odour  which  it  possesses  shows  that  it  is  not  pure 
hydrogen.  The  foul  smell  is  due  to  the  presence  of  some 
compounds  of  carbon  with  hydrogen,  to  which  attention 
will  be  drawn  later.* 


FIG.  12.— CLKVKLAXD  PIG  (No.  3)  1-6  PER  CF.XT.  P  x  40.    (STEAD.) 
(The  black  areas  are  graphite;  the  white  are  the  fusible  eutectic;  the  halftone 
areas  are  silico-ferrite. 

When  the  evolution  of  gas  stops,  the  liquor  after  settling 
may  be  poured  off  and  more  acid  added,  to  see  that  the 
solution  is  as  complete  as  possible.  If  no  further  action 
takes  place  the  acid  may  be  poured  off  and  the  residue 
washed  with  water  several  times,  allowing  to  settle 
between  each  washing.  The  black  residue  must  then  be 
treated  with  a  strong  solution  of  caustic  soda,  and  the 
washing  repeated  as  before.  (See  Silicon.)  (If  the 
reader  has  access  to  a  platinum  dish,  the  residue  after 
treatment  with  hydrochloric  acid  may  without  washing 

*  Probably  the  experimenter  will  be  able  to  recognise  the  now  more  or 
less  well-known  odour  of  acetylene,  and  connect  the  fact  with  the  common 
method  of  producing  that  gas  from  calcium  carbide. 
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be  treated  with  hydrofluoric  acid  and  then  washed. 
The  treatment  with  soda  is  not  then  necessary.  This  is 
a  much  easier  method.  If  familiar  with  filtration,  the 
reader  may  filter  off  the  residue.)  This  residue  may  then 
be  dried  and  examined.  It  will  be  found  to  be  black, 
to  possess  some  glistening  appearance,  and  if  rubbed 
between  the  fingers  to  produce  the  usual  shine  of  graphite. 
If  heated  it  will  burn,  and  if  properly  prepared  leave 
little  or  no  residue.  It  is  carbon,  mainly  graphite. 

Characters  of  the  Graphite. — Different  varieties  of  pig 
iron  and  castings  leave  different  amounts  of  residue. 
Open-grained  pig  iron  and  soft  grey  castings  leave  larger 
amounts  than  close  pig  or  hard  white  castings.  In  pig 
and  cast  iron  of  an  ordinary  type  the  largest  quantity  is 
left  by  the  softest  materials.  If  the  black  material  be 
examined  with  a  lens,  it  will  be  found  that  the  plates  are 
of  different  sizes,  and  are  generally  larger  from  open- 
grained  material.  The  size  of  these  plates  has  a  great 
influence  on  the  strength  and  other  qualities  of  the  metal. 

Effects  of  Graphite. — Since  the  graphite  has  a  separate 
existence  and  is  only  mixed  with  the  metal,  it  cannot  exert 
any  direct  influence  on  the  character  of  the  iron  grains 
themselves.  They  will  remain  as  soft,  as  ductile  and 
tough  as  before  (at  least  so  far  as  the  graphite  itself  is 
concerned),  and  the  melting  point  will  not  be  altered. 
The  tenacity  and  transverse  strength  will,  however,  be 
greatly  affected,  since  the  interposition  of  these  flakes 
will  act  as  partings  between  the  grains  of  metal  and  reduce 
the  adhesion.  Hence  the  low  tensile  strength  of  open  grey 
as  compared  with  close  grey  and  white  cast  iron,  the  effect 
being  greatest  with  the  coarsest  graphite. 

The  less  compact  character  of  the  metal  containing 
graphite  causes  it  to  absorb  rapidly  the  energy  of  a  blow, 
and  hence  renders  it  less  liable  to  fracture  from  shocks 
that  would  break  closer-grained  metal. 

The  softness  of  iron  containing  all  or  nearly  all  the 
carbon  as  graphite  is  favourable  to  the  ready  machining 
of  castings. 

Separation  of  Graphite. — The  graphite  separates  princi- 
pally during  the  solidification  of  the  iron  from  fusion, 
but  the  flakes  may  grow  in  size  afterwards  so  long  as  the 
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iron  retains  the  semi-solid  condition  which  allows  of 
expansion  taking  place  by  the  extrusion  of  the  graphite. 
The  amount  of  graphite  and  the  size  the  flakes  attain  is 
largely  determined  by  the  composition  of  the  metal  and 
the  rate  of  cooling.  (Figs.  12  and  13.)  (See  also  Combined 
Carbon.) 

In  metal  cooling  from  fusion,  the  flakes  are  largest 
when  the  cooling  is  least  rapid.  This  is  well  seen  in  pig 
iron  as  received,  and  after  remelting  in  the  cupola.  The 
higher  temperature  of  casting  from  the  blast  furnace 
causes  the  metal  to  heat  the  moulds  more  strongly  and 
delay  the  cooling,  while  it  takes  longer  to  lose  its  heat. 
Hence  the  larger  grain  apart  from  the  small  change  in 


FIG.  13.— No.  1  HEMATITE  PIG  x  40.    (STEAD.) 
(The  dark  areas  are  graphite,  the  ground  mass  is  silico-ferrite.) 


composition  which  occurs  during  remelting.  Manga- 
nese in  the  presence  of  much  silicon  also  appears  to 
greatly  affect  the  size  of  the  graphite  flakes.  Examination 
of  fractured  surfaces  with  a  lens  is  the  best  ready  means 
of  judging  the  size  of  the  graphite,  and  the  probable 
hardness  of  the  iron.  It  is  not  safe  to  judge  the  hardness 
of  the  metal  from  this  observation.  Other  elements  have 
much  to  do  in  determining  that  quantity.  In  fact,  the 
graphite  is  rather  a  negative  indication. 
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Prof.  Turner  has  classified  the  graphite  from  No.  1 
Northampton  pig  iron  by  sifting  through  sieves  of  various 
mesh. 


Per  Cent. 

Per  Cent. 

of  Total 

of  Original 

Graphite. 

Pig  Iron. 

Graphite 

that  will  not  pass  through 

a  30  sieve    ... 

27-6 

0-83 

tt 

j  } 

)  »         j> 

60      ,,      ...        45-5             1-37 

f| 

j>         » 

90      „      ... 

9-3             0-28 

» 

passed 

through 

a  90      „      ...       17'6 

0-53 

100-0 


It  will  thus  be  seen  that  73  per  cent,  of  the  graphite 
was  too  coarse  to  pass  a  60  sieve. 

The  closer  the  grain  and  texture  of  the  metal  and  the 
blacker  and  duller  it  appears,  and  the  finer  the  graphite 


FIG.  13A. — FRACTURE  OF  CORRODED  CAST  IRON  FKOM  BOTTOM  OF  HOT- WATER  TANK, 
SHOWING  DEPTH  OF  CORROSION.  THE  UPPER  LAYER  CONSISTS  OF  OXIDE 
OF  IRON,  GRAPHITE,  &c. 

becomes.  Often  this  is  accompanied  with  greater  soft- 
ness and  increased  tensile  strength  and  toughness. 
This  often  results  from  variations  in  the  working  and 
temperature  of  the  smelting  furnace,  and  the  same  grade  of 
iron  may  vary  in  appearance  from  this  cause.  It  is,  how- 
ever, generally  accompanied  by  a  difference  in  the  chemical 
composition,  usually  by  a  diminution  of  the  silicon 
contents.  The  old  and  the  modern  cold-blast  irons  con- 
tain finer  graphite  and  less  silicon  than  hot-blast  irons. 

From  what  has  been   said  of  the  condition   of   the 
graphite,  it  follows  that  finer  flakes  are  less  likely  to  form 
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partings  and  break  up  the  continuity  of  the  metal  to  the 
same  extent  as  larger  ones,  and  where  strength — high- 
tensile  or  transverse — and  imperviousness  are  required  the 
texture  must  be  close  and  the  graphite  flakes  small, 
as  in  castings  to  resist  hydraulic  pressure.  The 
separation  of  the  graphite  in  this  way  creates  a 
marked  tendency  to  corrosion.  In  the  presence  of 
moisture  and  air  the  graphite  is  electro-negative  to  the 
iron,  and  the  latter  rusts.  In  water,  if  exposed  to  changes 
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FIG.  14.— ANNEALED  CASTIXG. 

of^temperature,  the  difference  in  expansion  and  con- 
traction between  the  graphite  and  the  metal  ultimately 
allows  the  water  to  gain  access  to  the  metal  and  to 
attack  it  more  vigorously  than  when  the  attack  is  con- 
fined to  the  surface.  Fig.  13A  shows  a  piece  of  a  hot- water 
tank.  The  upper  layer  is  a  mixture  of  graphite,  iron 
rust,  &c.,  left  by  the  corrosion  ;  the  lower  is  unaltered 
iron.  The  tank  was  a  large  one  in  use  for  20  years  for 
hot  water  for  washing  purposes  in  a  works. 

The  separation  of  graphite  and  the  attendant  changes 
are   sometimes    accompanied   with    the    evolution    of   a 
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considerable  amount  of  heat.  ^This  may j  sometimes  be 
witnessed  in  thin  firebars,  which*during  their  first  heating 
frequently  show  signs  of  becoming  hot,  but  never  after- 
wards, although  the  same  air-cooling  by  the  air  drawn 
or  forced  through  remains  the  same. 

Mr.  Keep  has  shown  that  the  amount  of  combined 
carbon  in  the  metal  shortly  after  solidification  is  greater 
than  when  cold.  This  was  determined  by  quenching  a 
series  of  specimens  cast  after  cooling  for  different 
periods.  The  first  quenched  contained  O60  per  cent, 
combined  carbon,  and  the  last  O06  per  cent.  This  last 
specimen  was  still  red  hot  before  quenching.  The 
diminution  in  the  combined  carbon  contents  is  accom- 
panied with  an  evolution  of  heat  and  consequent  expansion 
of  the  metal.  The  pyrometer  records  three  such  arrest- 


FIG.  15. — FRACTURE  OF  WHITE  PIG  IRON. 

ments  in  the  falling  temperature,  and  the  special 
apparatus  of  Keep  shows  three  corresponding  expansions. 
These  coincide  more  or  less  satisfactorily  with  the  tempera- 
tures at  which  changes  occur  in  steel,  changes  that  are 
closely  connected  with  the  manner  in  which  carbon 
occurs  in  that  body. 
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Mr.  G.  F.  Hudson  found  the  breaks  in  the  cooling 
curve  for  No.  1  Northamptonshire  iron  to  be  at  1,115°  C., 
955°  C.,  and  860°  C. 

Amorphous  Carbon :  Temper  Graphite.  —  The  difference 
that  exists  between  ordinary  and  malleable  and  black- 
heart  castings  is  considerable.  The  toughness  and 
capability  of  being  bent  of  the  two  latter  are  well  known. 

The  fracture  shows  in  the  interior  of  the  casting  a  dull, 
uniformly-dark  centre  which  in  malleable  castings  is 
surrounded  by  a  brighter  layer  of  very  tough  and 
sometimes  almost  carbonless  material. 

Fig.  14  shows  the  nature  of  such  a  fracture. 

An  examination  of  the  dark  portion  shows  that  it 
contains  its  carbon  in  the  free  state,  but  that  there  are 
no  glistening  scales.  The  carbon  separated  by  solution, 
as  described  under  graphite,  soils  the  hands,  burns,  &c., 
like  graphite.  Castings  of  this  class  are  made  originally 
in  iron  containing  no  free  carbon,  and  the  castings  when 
taken  from  the  sand  are  very  brittle. 

They  are  packed  in  suitable  material  and  heated 
below  the  melting  point  of  the  iron  for  long  periods,  during 
which  the  carbon  separates  in  a  free  state.  Owing  to 
the  particles  not  being  free  to  move,  it  has  remained 
distributed  through  the  mass  in  a  finely-divided  state 
and  has  not  had  the  opportunity  to  crystallise.  Since 
it  does  not,  like  graphite,  occur  in  flakes  it  does  not  so 
readily  form  partings  and  occasion  weakness ;  while 
the  continuity  of  the  carbon-free  iron  skeleton  which  it 
leaves  allows  of  a  certain  amount  of  bending  to  take 
place  without  fracture.  Hence  the  special  qualities  of 
this  kind  of  casting.  The  term  "  temper  graphite"  was 
suggested  by  Ledebur.  This  is  a  method  of  converting 
white  iron  into  grey.* 

Combined  Carbon. — Substances  that  occur  in  chemical 
combination  with  each  other  do  not  exhibit  the  properties 
that  characterise  them  in  the  free  state,  and  the  com- 
pounds they  produce  generally  possess  properties  quite 
distinct  from  either  of  the  constituents. 

If  a  fracture  of  white  or  chilled  iron  (Fig.  15)  be 
examined,  it  presents  to  the  naked  eye  a  very  characteris- 

*  The  making  of  malleable  castings  is  dealt  with  in  Chapter  XV.,  p.  407. 
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tic  crystalline  appearance  quite  different  from  grey  iron. 
No  small  glistening  scales  are  visible.  It  is  much  brighter 
in  appearance.  It  is  exceedingly  hard  and  brittle. 
There  is  no  grain,  and  if  some  of  the  metal  finely 
powdered  (it  is  too  hard  to  file,  or  even  to  turn  without 
great  difficulty)  and  washed  with  water,  no  flakes  of 
graphite  can  be  separated.  If  treated  with  acid  it  does 
not  leave  a  black  residue,  but  the  gas  which  is  given  off 
has  an  exceedingly  objectionable  smell.  It  will  not  be 
difficult  to  associate  the  odour  with  the  smell  of  acetylene, 
a  gas  which,  as  is  commonly  known,  is  made  by  acting 
on  calcium  carbide  with  water.  This  comparison  will 


Fie.  16. — SHOWING  PLATES  OF  CEMENTITE  IN  BLISTER  STEEL.    MAGNIFIED  30  TIMKS. 

suggest  the  presence  of  a  similar  compound  in  the  iron 
especially  when  it  is  remembered  that  water  acts  so 
readily  on  many  calcium  (lime)  compounds,  but  does  not 
act  so  readily  on  iron  compounds.  Hence  while  water  is 
sufficient  to  decompose  the  one  and  generate  acetylene, 
acids  are  required  to  decompose  the  other  and  produce 
the  malodorous  carbon  compounds  that  make  the  gas 
evolved  so  foul. 

That  a  carbide  is  present  can  be  shown  in  a 
positive  manner  by  more  elaborate  chemical  methods, 
and  can  be  separated  by  treatment  with  cold  dilute 
hydrochloric  or  nitric  acids. 
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Its  presence  can  also  be  indicated  by  dissolving  a 
little  of  the  finely-powdered  iron  in  dilute  nitric  acid  in 
a  vessel  placed  in  boiling  water.  A  brown  solution  is 
thus  obtained,  but  pure  iron  gives  a  nearly  colourless 
solution.  The  depth  of  colour  produced  by  treating 
equal  weights  of  metal  in  this  way  is  used  as  a  means  of 
comparing  the  amounts  of  carbon  in  different  samples 
of  steel.  This  test  is  known  as  Eggertz  carbon  colour  test, 
after  its  inventor. 

The  amount  of  carbon  indicated  in  this  way  depends 
on  the  treatment  the  steel  has  received.  If  a  sample 
that  has  been  made  red  hot  and  plunged  into  cold  water 
be  compared  with  a  sample  of  the  same  metal  in  a  soft 
unhardened  state,  as  received  from  the  maker,  the  hard 
sample  will  give  a  lighter  colour  and  thus  show  much 
less  carbon,  but  no  free  carbon  can  be  separated  from  it. 
Ledebur  has  shown  that  the  carbon  in  the  unhardened 
sample  resists  the  action  of  very  dilute  cold  acid,  and 
may  be  thus  separated.  But  the  carbon  in  the  hardened 
sample  is  still  present,  and,  since  it  passes  away  in  the 
gas  when  acted  on  by  acids,  is  in  a  state  of  combination. 

There  are  therefore  two  forms  of  combined  carbon. 
That  which  resists  cold  dilute  acid  is  known  as  ik  cement  " 
carbon.  It  is  a  definite  carbide  of  iron,  and  is  found  in 
blister  steel,  unhardened  and  tempered  steel,  and  in 
white  cast  iron.  It  contains  6-66  per  cent,  of  carbon. 
It  is  known  also  as  cementite,  and  in  polished  specimens 
of  blister  steel  and  white  cast  iron,  is  seen  as  a  white, 
hard  substance  in  various  forms.  (See  Fig.  16.)  When 
mixed  with  ferrite  (carbonless  iron)  in  certain  proportions 
it  forms  pearlite,  which  under  the  microscope  appears 
like  Fig.  17.  Fig.  18  shows  the  pearlite  and  cementite  in 
white  pig  iron. 

Hardening  Carbon. — This  form  is  principally  met 
with  in  hardened  steel.  Cast  iron  does  not  contain 
much  hardening  carbon. 

General  Effects  of  Carbon. — From  what  has  been  said 
it  will  be  seen  that  the  physical  characters  of  cast  and 
other  forms  of  iron  are  largely  determined  by  the 
manner  in  which  the  carbon  exists  in  the  metal, 
and  that  will  depend  partly  on  the  other  con- 
stituents present,  and  partly  on  treatment  the  metal 
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has  received,  so  that  in  foundry  work  care  must  be  taken 
to  control  the  way  in  which  it  is  held.  In  general  terms 
the  carbon  in  open-grained  soft  grey  irons  is  mainly  free, 
and  the  closer  and  whiter  it  becomes  the  greater  the 
amount  of  combined  carbon  present.  It  will  presently 
be  shown  that  other  elements  have  a  great  effect  on  the 
relative  amounts  of  free  and  combined  carbon. 

Soft  grey  irons  are  weak,  closer  irons  are  stronger. 

Reference  to  the  analyses  which  follow  will  show  the 
usual  amounts  of  combined  carbon  in  different  grades 
of  pig  iron. 

The  total  amount  of  carbon  present  in  foundry  pig 
and  cast  iron  is  from  3  to  3*75  per  cent.  It  is  occasionally 


FIG.  17.—  PEAKLITE  x  550.    (STEAD.) 

higher  and  lower.  In  high-grade  irons  it  is  generally 
high.  The  actual  amount  present  exerts  a  considerable 
influence  on  the  character  of  the  castings.  Pure  irons 
with  low  total  carbon  are  fine  grained  and  close.  These 
are  strong,  and  often  tough  and  dense.  The  carbon  is 
in  very  small  flakes,  or  as  temper  graphite.  They  will  not 
produce  light  castings,  but  may  be  used  for  heavy  work. 
Irons  deficient  m  carbon  (usually  low  grade)  but  con- 
taining other  elements,  e.g.,  silicon,  manganese,  and  phos- 
phorus in  notable  quantities,  are  liable  to  produce 
drawn  castings.  This  will  be  dealt  with  later. 
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Far  more  important  than  the  amount  of  total  carbon 
is  the  amount  of  combined  carbon.  Assuming  that  there 
is  sufficient  carbon  present  to  act  as  a  filler  and  prevent 
sinking  and  draws,  the  carbon  in  combination  is,  in 
ordinary  cast  iron,  responsible  for  its  properties  to  a 
greater  extent  than  any  other  constituent.  It  is 
the  principal  factor  in  determining  its  hardness, 
tenacity,  and  behaviour  while  solidifying,  and  thus 
the  ease  with  which  it  can  be  cast,  and  the  sound- 
ness, reliability,  and  freedom  from  internal  stresses  of 
the  castings. 

In  the  greyest  pig  irons  the  amount  of  combined 
carbon  is  very  little — under  0-1  per  cent.  With  1  per 
cent,  under  ordinary  circumstances  it  is  only  slightly 
grey  and  finely  granular,  while  with  more  than  1  per  cent, 
it  is  mottled  or  white.  The  whitest  irons  may  contain 
3  per  cent,  of  combined  carbon.  As  previously  pointed 
out,  the  amount  of  combined  carbon  is  partly  dependent 
on  the  rate  of  cooling,  &c.,  and  also  on  the  composition 
of  the  metal.  No  single  element  is  entirely  responsible 
for  the  proportion  of  combined  carbon,  so  that  metal  of 
varying  composition  from  different  sources  and  localities 
may  present  similar  degrees  of  greyness. 

Low-silicon  charcoal  and  cold-blast  irons  smelted  from 
pure  ores  may  contain  as  little  combined  carbon  and  be 
as  soft  as  those  containing  much  more  silicon,  but  in  which 
other  elements  are  present.  Manganese,  sulphur,  and 
phosphorus  also  exert  a  modifying  action. 

Neither  does  the  rate  of  cooling  entirely  determine 
the  amount  of  combined  carbon.  All  irons  are  not 
equally  suited  for  making  chilled  castings  in  which  the 
whole  of  the  carbon  in  the  chilled  part  is  combined. 
Some  irons  will  not  chill  perceptibly,  but  can  be  run  in 
ordinary  moulds  in  sheets  of  extreme  thinness  and  have 
the  greatest  tendency  to  eat  into  the  sand,  producing 
sand-burnt  castings,  and  even  to  choke  the  vents.  The 
reason  for  these  retaining  their  grey  character  is  probably 
the  evolution  of  heat  attending  the  solidification  at 
different  temperatures  of  the  constituents  ultimately 
found  in  the  solid  mass.  This  tends  to  separate 
the  carbon  as  graphite  in  a  fine  state  of  division.  Other 
irons  are  specially  prone  to  chill,  and  cannot  be  used  for 
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ordinary  castings  without  taking  special  precautions. 
It  is  for  reasons  similar  to  these  that  special  mixtures 
and  selections  of  iron  are  required  for  different  purposes. 
It  is  therefore  impossible  to  lay  down  hard  and  fast 
lines  concerning  this  or  in  fact  any  other  element  found 
in  iron. 


FIG.  18.— WHITE  PIG  IRO\  MAGNIFIED.     SHOWING  PKARLITE  AND  CEMENTITK. 

Speaking  generally  :— 

Per  Cent,  of 

Combined 

Carbon. 

The  softest  cast  iron  contains  approxi- 
mately        .  .          .  .          .  .          .  .      0-05 

Ordinary  soft  grey  cast  iron  contains 

approximately        .  .          .  .  .  .      0-15 

The  strongest  and  toughest  cast  iron 

contains  approximately    . .          .  .     0-5 

Highest  elasticity  and  crushing  strength 

contains  approximately  . .  . .     1-0 

Carbon  may  be  imparted  to  iron  in  various  ways  : 
(1)  Wrought  iron  embedded  in  carbon  and  heated  to  a 
temperature  of  between  1,100°  C.  and  1,200°  C.  takes  up 
carbon  without  fusion  to  the  extent  of  1*5  per  cent, 
carbon.  Occasionally  the  amount  taken  up  is  greater. 
This  is  the  method  adopted  in  "cementing"  bar  iron  in 
making  blister  steel,  and  in  case-hardening.  The  carbon 
is  present  mainly  as  "  cement  "  carbon.  Fig.  16  shows  a 
photograph  of  a  polished  surface.  The  bright  parts  are 
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ceinentite.  (2)  Molten  iron  at  high  temperatures 
dissolves  carbon,  so  that  if  heated  together  beyond  the 
fusion  point  the  metal  becomes  saturated  with  carbon 
if  excess  of  that  element  be  used.  Thus  treated  it  dis- 
solves about  4-53  per  cent,  (author's  determination). 
The  carbon  separates  on  cooling,  and  generally  glistening 
scales  of  graphite  are  seen  all  round  the  button.  This 
happens  when  iron  and  carbon  are  heated  together  in 
crucibles,  and  to  some  extent  in  the  cupola  under 
proper  conditions.  (3)  Metallic  iron  decomposes  carbon 
monoxide  (CO)  hydrocarbons  (compounds  of  hydrogen  and 
carbon),  and  cyanides,  when  heated  in  contact  with  them, 
taking  up  carbon.  The  first  of  these  is  the  principal  agent 
in  conveying  carbon  into  the  metal  in  the  blast  furnace, 
and  the  last  in  case-hardening  with  yellow  prussiate 
of  potash  and  other  prussiates. 

Silicon — This  element  occurs  in  combination  in  iron, 
as  silicides  of  iron  and  manganese,  and  possibly  other 
elements.  As  its  characters  are  not  so  well  known  to 
the  ordinary  reader  as  those  of  carbon,  it  may  be  well 
to  point  out  that  it  also  exists  in  several  forms.  In  the 
uncrystallised  (amorphous)  form  it  is  a  snuff-coloured 
powder  ;  crystallised  it  has  a  brilliant  metallic  flaky 
appearance  more  striking  than  graphite,  or  occurs  as 
needles.  These  forms  are  hard  enough  to  scratch  glass. 

In  combination  with  oxygen  it  forms  silica,  a  substance 
which  constitutes  about  half  the  solid  crust  of  the  earth. 
Rock  crystal  or  quartz  is  pure  silica  ;  white  silver  sand 
is  almost  pure  silica. 

Silicon  is  introduced  into  the  pig  iron  during  smelting 
by  the  reduction  of  silica  contained  in  the  ore  or  other 
materials  of  the  charge.  The  amount  that  passes  into 
the  iron  depends  on  the  temperature,  amount  of  flux  used, 
and  other  working  conditions  of  the  blast  furnace.  It 
is  greater  with  hotter  furnaces  and  less  flux,  so  that 
generally  it  is  found  to  a  greater  extent  in  hot-blast  than 
in  cold-blast  irons.  There  is  no  evidence  of  the 
occurrence  of  free  silicon  in  iron. 

The  effect  of  silicon  on  iron  depends  on  the  presence 
or  absence  of  other  constituents.  On  pure  iron  it  exerts 
a  hardening  effect,  though  its  influence  is  much  less  marked 
than  that  of  carbon.  Steels  for  special  purposes  are 
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being  now  produced  which  contain  3  per  cent,  of  the 
element ;  such  an  amount  of  combined  carbon  would  make 
the  metal  too  hard  and  brittle  to  be  worked  and  used. 
From  the  microscopic  examination  of  these  substances 
it  would  appear  that  the  silicides  which  it  forms  remain 
in  solid  solution  in  the  iron  unless  the  amount  is  large. 
No  distinct  segregations  of  silicide  can  be  seen.  High- 
silicon  irons  often  show  a  very  characteristic  crystalline 
structure  (see  Fig.  19),  but  with  smaller  amounts  this 
is  not  observed.  Its  presence  in  solution  is  shown  by  the 
behaviour  of  the  metal  when  etched. 

The  melting  point  of  the  metal  is  lowered  by  the 
dissolved  silicides  and  its  fluidity  is  at  the  ordinary 
casting  temperatures  greatly  increased.  In  general,  up 
to  a  certain  limit,  the  fluidity  is  increased  in  proportion 
to  the  amount  present. 

Silicon  and  Carbon. — When  carbon  is  present  in  the 
iron  the  effect  of  the  silicon  on  the  manner  in  which  it  is 
held  is  very  marked.  In  1885  Prof.  Turner  published  a 
paper  on  "  The  Influence  of  Silicon  on  the  Properties  of 
Cast  Iron,"  giving  an  account  of  experiments  conducted 
with  a  view  to  establish  its  action.  The  fact  that  in 
high-silicon  irons  the  carbon  was  almost  entirely  graphite 
was  known,  while  the  use  of  such  irons  for  softening 
hard  irons  was  in  use  to  some  extent.  It  was  not  known, 
however,  what  action  the  silicon  had  or  the  amount 
necessary  to  produce  a  given  result.  Since  then  the 
results  obtained  have  been  abundantly  proved,  and 
largely  adopted  in  practice. 

In  cast  iron  silicon  tends  to  promote  the  separation 
of  the  carbon  as  graphite,  and  in  irons  free  from  other 
elements  a  small  proportion  may  completely  effect  the 
separation.  As  the  hardening  effect  of  the  silicon 
necessary  to  do  this  is  less  than  that  of  combined  carbon 
converted  into  free  carbon,  it  has  a  sof  teningveffect  on 
the  metal.  When  the  amount  of  combined  carbon  separated 
is  very  small  the  added  silicon  may,  by  exerting  a  greater 
direct-hardening  effect,  increase  the  hardness  and  produce 
other  difficulties  of  even  greater  importance  to  the 
founder  than  the  simple  hardness. 

The  indiscriminate  use  of  silicon  for  softening  hard  iron 
has,  in  unskilled  hands,  sometimes  produced  results  very 
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different  from  those  intended.  The  most  common  trouble 
that  has  come  under  the  author's  notice  is  the  production 
of  peculiar  sunk  holes  and  cavities,  often  accompanied 
with  a  close  grain,  which  may  be  either  dark  or  light 
coloured.  In  the  latter  case  other  elements  than  silicon 
and  carbon  are  present  in  notable  quantities.  The 
position  of  these  holes  points  to  the  greater  fluidity  and 
lower  melting  point  of  the  metal  resulting  from  the 
addition  of  the  silicon  as  being  the  cause  of  then*  formation. 
The  longer  period  of  cooling  due  to  the  lower  solidifying 
point  permits  of  more  total  contraction  taking  place 
before  becoming  solid.  The  outer  portions  of  the  casting 
in  contact  with  the  mould  are  already  rigid,  so  that  this 
contraction,  unless  compensated  for  by  the  separation  of 
graphite,  must,  if  considerable,  produce  cavities,  and 
always  produce  internal  stresses  of  uncertain  amount. 
\Yith  highly-carburised  irons  the  separating  graphite 
compensates  for  the  contraction  due  to  falling  tempera- 
ture. The  addition  of  silicon  to  low-carbon,  low-grade 
irons  in  order  to  soften  them  is  not  satisfactory  unless 
sufficient  highly-carburised  iron  be  used  hi  addition. 

These  difficulties  are  met  with  in  castings  of  some 
weight  and  varying  in  thickness,  the  cavities  occurring 
in  the  thick  and  upper  parts.  The  strictures  passed  on 
the  use  of  silicon  do  not  extend  to  the  use  of  such  irons 
for  thin,  light,  ornamental  castings.  The  addition  of 
gas  carbon  in  the  cupola  partially  remedies  the  defects. 

With  suitable  iron  mixtures  the  amount  of  silicon 
present  regulates  the  free  carbon,  and  consequently  the 
softness  and  other  properties  of  the  iron. 

The  presence  of  the  silicide  tends  also  to  the  separation 
of  compounds  of  certain  other  elements  present — notably 
sulphur — in  a  distinct  form,  and  tends  to  reduce  the 
effects  they  individually  exert  on  the  metal. 

To  sum  up,  under  conditions  which  are  easily  regulated 
by  selection  of  materials  and  in  other  ready  ways,  the 
general  effects  of  silicon  can  be  made  to  serre  the  purposes 
of  the  ironfounder  in  making  the  diameters  of  cast  iron 
suitable  for  various  particular  purposes,  but  it  must  be 
used  with  due  regard  to  the  other  constituents  of  the 
metal.  As  stated  previously,  the  amount  must  be  care- 
fully regulated  according  to  the  composition  of  the  iron 

Ci 
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as  either  too  much  or    too    little    may    produce    hard, 
brittle  metal  or  porous  and  unsound  castings. 

Prof.  Turner  states  the  effect  of  varying  proportions 
on  cast  iron  containing  as  little  impurity  as  possible  as 
follows  :— 

Per  cent. 
Maximum  hardness,  under     .  .          .  .      0*8 

Crushing   strength,    about       .  .          .  .     0*8 

Highest  modulus  of  elasticity.  .          .  .      I'D 

Density  in  mass  ..          ..          ..          ..      I'O 

Combined  crushing,  tensile,  and  trans- 

verse  strength       .  .          .  .          .  .      1*4 

Tensile  strength  .  .          .  .          .  .      1'8 

Softness  and  general  workability  (by 

machines)    .  .          .  .          .  .  2'  5 

Minimum  combined  carbon,  under    .  .      4'0 

The  maximum  hardness  referred  to  is,  of  course,  that  of 
white  iron.  When  the  silicon  is  increased  so  as  to  produce 
separation  of  graphitic  carbon,  its  softening  effect  begins. 
At  the  same  time  the  separated  carbon  reduces  its  crush- 
ing strength.  The  density  of  the  mass  refers  to  th3  fact 
that  white  iron  very  low  in  silicon  generally  casts  more 
or  less  spongy,  due  no  doubt  to  the  less  fluid  nature  of 
the  iron  and  consequent  greater  difficulty  in  getting  rid 
of  the  gases,  as  well  as  the  passage  of  the  metal  through 
a  pasty  state  before  solidifying.  Increasing  the  amount 
of  silicon  makes  the  metal  sounder,  and  therefore  stronger 
and  denser.  A  further  increase  causes  this  effect  to  be 
neutralised  by  the  separated  graphite,  but  diminishes 
the  brittleness,  and  causes  the  increase  in  the  tensile  and 
transverse  strength  noticed.  Still  further  increasing  the 
silicon  causes  the  graphite  to  assume  a  scaly  condition, 
and  at  the  same  time  almost  completely  eliminates  the 
combined  carbon,  so  that  softness  and  weakness  are 
produced.  After  this  point  has  been  reached  further 
additions  cause  the  hardness  to  increase. 

The  effect  of  the  silicon  is  in  the  same  quality  of  cast 
iron  proportional  to  the  amount  present.  Any  addition 
of  silicon  it  is  necessary  to  make  to  a  mixture  of  iron  is 
best  done  by  the  selection  of  a  grade  or  make  of  pig  iron 
suitable  in  other  respects  but  containing  an  excess  of 
silicon.  Added  in  this  way,  the  admixture  is  much  more 
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intimate  than  when  high-silicon  irons — siliconeisen — 
are  employed.  The  main  reasons  for  the  failure  of  the 
latter  method  are  :  the  smaller  quantity  necessary  to 
introduce  the  amount  required  and  the  difference  in  the 
melting  points  both  of  the  irons  constituting  the  charge 
and  the  ferro-silicon  employed.  Both  causes  result  in 
imperfect  diffusion,  and  consequent  irregularity  in  the 
metal. 

The  Effect  of  Silicon  on  Shrinkage  will  be  dealt  with  under 
"  Shrinkage."  As  silicide  of  iron  itself  contracts  on 
solidifying  its  presence  in  the  metal  would  not,  in  the 


I?IG.  19.— IRON  WITH  4  PER  CENT.  SILICON  x  130,  SHOWING  CUBICAL  CRYSTALS. 

(STEAD.) 

absence  of  other  elements,  greatly  affect  the  tendency  of 
the  iron  to  shrink.  By  promoting  the  production  of  a 
granular  or  crystallogranular  structure,  principally  as 
the  result  of  the  precipitated  graphite,  shrinkage  is 
reduced,  and  at  the  same  time  the  tendency  to  produce 
internal  stresses  is  also  reduced,  the  separation  and  growth 
of  the  graphite  scales  counterbalancing  the  reduction  in 
volume  due  to  the  cooling  and  solidification  of  the  iron. 

This  is  most  marked  in  the  most  open-grained  iron, 
but  the  larger  flakes  of  graphite  make  the  castings  weak. 

Keep  goes  so  far  as  to  say  that  a  shrinkage  test  may 
be  made  to  serve  as  an  indication  of  the  proportion  of 
silicon  present.  With  iron  of  the  same  composition 
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this  may  be  true  ;  but  with  metal  in  which  the  man- 
ganese, sulphur,  and  phosphorus  vary,  different  shrinkages 
occur  with  the  same  amounts  of  silicon.  The  method, 
therefore,  will  not  serve  for  this  purpose  in  foundries 
where  different  makes  of  pig  are  used.  Both  manganese 
and  sulphur  act  in  opposition  to  the  silicon,  as  will  be 
presently  noted,  while  phosphorus  produces  effects 
which  modify  its  action. 

Under  the  same  conditions,  viz.,  similarity  of  com- 
position in  other  respects,  the  hardness  of  cast  iron  varies 
with  its  silicon  contents.  This  follows  from  the  fact  of 
the  carbon  separating  from  combination  under  its 
influence.  The  greatest  softness  does  not  correspond 
with  the  lowest  combined  carbon,  for  before  that  point  is 
reached  the  direct  hardening  effect  of  the  silicon  is 
perceptible.  The  most  easily-machined  iron  contained 
from  2' 5  to  2' 8  per  cent,  with  ordinary  foundry  irons,  but 
with  irons  freer  from  sulphur  and  manganese  the  greatest 
softness  is  obtained  with  less  than  2  per  cent. 

Silicon  in  the  Cupola. — Silicon  is  more  easily  oxidised 
when  heated  in  air  or  by  contact  with  oxide  of  iron  and 
furnace  gases  than  any  element  present  in  cast  iron. 
In  melting  in  the  cupola  or  other  furnace  these  conditions 
obtain,  and  there  is  always  a  greater  or  less  loss  from  this 
cause.  The  amount  varies  with  the  proportion  of  silicon 
present,  and  the  working  conditions  of  the  cupola.  For 
iron  containing  3  per  cent,  it  may  be  put  in  a  good  cupola 
at  0*25  per  cent,  of  the  weight  of  metal,  with  2' 5  the  loss 
is  about  0'22,  and  with  2  per  cent,  about  0'2.  These 
figures  apply  to  the  mixtures  of  pig  and  scrap  generally 
employed  in  foundry  work.  Clean  pig  and  clean  scrap 
would  reduce  the  loss  in  some  cases  by  nearly  one-half. 
Different  cupolas  and  methods  of  working,  e.g.,  amount 
of  fuel,  give  different  results,  and  it  becomes  important 
for  every  founder  to  ascertain  for  himself  how  his  furnaces 
are  behaving. 

Manganese. — This  metal  is  very  commonly  present 
in  pig  iron  in  amounts  varying  from  traces  up  to 
2  or  3  per  cent.,  but  in  some  cases  larger  amounts  are 
present.  Few  foundry  irons  are  offered  containing  more 
than  between  1  and  2  per  cent,  of  manganese.  Alloys 
of  iron  and  manganese  containing  up  to  88  per  cent,  of 
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manganese  are  produced  commercially  for  use  in  steel 
manufacture. 

Spiegeleisen,  "  Spiegel,"  is  an  alloy  containing  7 
to  30  per  cent,  of  manganese,  breaking  with  a  brilliant 
crystalline  fracture.  Alloys  containing  more  are  known 
as  ferro-manganese,  "  ferro,"  and  give  a  yellowish- white 
granular  fracture  frequently  exhibiting  brilliant  rainbow 
colours  due  to  tarnish.  These  alloys  are  not  used  in 
ironfounding,  at  any  rate  in  cupola  practice.  Although 
containing  about  6  per  cent,  of  carbon,  neither  ferro- 
manganese  nor  spiegel  contains  free  carbon  under  ordi- 
nary conditions. 

The  effect  of  manganese  is  to  combine  with  the  carbon 
and  dissolve  in  the  iron,  thus  retarding  and  preventing 
the  separation  of  graphite,  rendering  the  metal  harder, 
whiter,  closer,  denser,  and  stronger,  acting  thus  in 
opposition  to  silicon. 

White  irons  containing  manganese  do  not  in  melting 
pass  through  an  intermediate  pasty  condition.  This 
enables  closer  and  whiter  irons  of  this  character  to  be 
used  for  certain  castings  without  the  liability  of  producing 
distortion.  The  amount  of  contraction  is,  however, 
greater  than  in  grey  iron.  The  closer  texture  of  such 
metal  fits  it  for  boring  and  similar  work  where  a  clean, 
smooth  surface  is  important.  While  not  generally 
introduced  to  more  than  1  per  cent.,  as  much  as  2  per  cent, 
of  manganese  is  sometimes  introduced  for  special  purposes 
in  connection  with  steam  and  gas  engine  cylinders. 
Such  metal  is  liable  to  be  somewhat  brittle,  and  is  much 
harder  than  ordinary  grey  iron,  but  is  machinable. 

At  high  temperatures  the  metal  is  very  fluid,  but  for 
satisfactory  handling  requires  to  be  melted  a  little  hotter 
than  ordinary  iron. 

The  element  also  forms  silicides  and  sulphide  with 
the  silicon  and  sulphur  present,  and  manganiferous  irons 
are  sometimes  used  for  the  direct  object  of  reducing  the 
hardness  caused  by  sulphur.  The  sulphide  of  manganese 
is  more  easily  and  completely  separated  from  iron  during 
solidification  than  sulphide  of  iron,  and  collects  in  small 
segregations  in  the  metal,  or  if  the  metal  stands  long  in 
the  ladle  has  a  tendency  to  rise  to  the  top. 
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The  use  of  steel  scrap  in  cupola  melting  is  sometimes 
resorted  to  in  order  to  introduce  manganese.  This  can 
only  be  done  with  metal  much  too  open  for  ordinary 
purposes,  as  the  percentage  of  total  carbon  is  reduced. 

Sulphur — This  element  is  only  too  often  made 
responsible  by  the  foundryman  for  all  the  faults  of  the 
metal  and  defects  of  castings,  and  many  founders  would  be 
hard  to  convince  that  it  had  any  redeeming  feature.  Its 
effects  are  therefore  of  great  interest.  Sulphur  occurs  in 
cast  iron  in  combination,  as  sulphide  of  iron  or  manganese, 
and  possibly  in  other  forms. 

The  general  effects  observed  are  that  the  iron  is  made 
harder,  more  rigid,  and  perhaps  brittle,  is  liable  to  cast 
mere  unsoundly — especially  in  green-sand  moulds — is 
mere  sluggish,  contracts  more,  and  is  thus  liable  to 
produce  drawn  and  distorted  castings  with  initial  stresses 
of  unknown  value. 

The  extent  to  which  any  given  proportion  of  sulphur 
produces  these  effects  depends  so  largely  on  the  composi- 
tion of  the  metal  that  anything  more  than  a  general 
statement  is  impossible.  It  may,  however,  be  further 
stated  that  its  effects  are  more  marked  in  irons  containing 
less  silicon  than  in  those  containing  larger  quantities. 
Speaking  generally,  the  closer  the  iron  and  the  greater 
the  mischief  caused  by  increased  sulphur. 

Effect  of  Sulphur  on  Combined  Carbon. — That  the 
combined  carbon  is,  under  ordinary  conditions,  increased 
and  the  free  carbon  diminished  by  the  presence  of 
sulphur,  appears  certain,  but  exactly  how  this  is  brought 
about  does  not  so  readily  appear,  while  variations  in  the 
manganese  present  may  by  combination  with  the  sulphur 
mask  its  effect. 

After  what  has  been  said  it  would  seem  that  the 
element  can  serve  no  useful  purpose  in  cast  iron. 
The  author  has,  however,  on  two  occasions  caused 
its  introduction  in  order  to  stiffen  and  increase  the 
transverse  strength  of  metal,  low  in  manganese  and 
phosphorus,  and  nearly  free  from  sulphur  but  high  in 
silicon  and  carbon,  with  satisfactory  results.  Such  use 
must,  however,  be  made  only  after  a  careful  determina- 
tion of  the  composition  of  the  metal.  /  _ 
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Quantity  of  Sulphur. — The  amount  of  sulphur  present 
in  pig  iron  varies  from  a  few  hundredths  of  1  per  cent! 
to  about  two-tenths  of  1  per  cent.,  i.e.,  0*02  to  0-2  per 
cent.  The  latter  figure  is  the  extreme  limit  for  foundry 
irons,  while  for  good  results  the  amount  should  not 
exceed  0-10  per  cent.  The  effects  of  a  difference  of  0'02 
per  cent,  are  quite  perceptible.  Its  effects  in  neutralising 
the  action  of  silicon  varies  from  10  to  25  times  its 
weight.  That  is,  1  part  of  sulphur  will  neutralise 
the  effect  of  from  10  to  25  of -silicon. 

It  is  even  probable  that  the  total  carbon  in  iron 
is  diminished  by  the  addition  of  sulphur.  Additions  of 
sulphur  to  cast  iron  of  ordinary  quality  standing  in  the 
ladle  causes  it  to  throw  up  a  scum,  which  on  analysis 
is  found  to  contain  much  free  carbon,  manganese 
sulphide,  &c.,  the  iron  being  rendered  white  and  hard. 

Distribution  of  Sulphur  in  Castings. — Sulphides  of 
iron  and  manganese  melt  at  a  lower  temperature  than 
most  of  the  other  constituents  of  the  iron,  and  consequently 
are  among  the  last  to  solidify  as  the  metal  cools.  This 
permits  of  partial  separation  taking  place,  and  leads  to 
great  inequality  of  distribution.  The  substances,  as  in 
the  case  of  other  bodies  which  tend  to  remain  fluid, 
pass  into  the  fluid  portion,  and  are  consequently  met 
with  in  largest  amount  in  those  parts  of  castings  which 
solidify  last,  that  is,  the  central  and  heavy  parts.  The 
ill-effects  due  to  greater  contraction,  &c.,  previously 
noted,  are  thus  more  or  less  concentrated  on  these  parts 
which,  at  the  time  solidification  is  taking  place,  it  is 
impossible  to  feed  or  in  any  other  way  compensate  for 
the  internal  contraction.  The  unreliability  of  such 
castings  needs  no  comment. 

Source  of  the  Sulphur. — The  sulphur  is  introduced 
during  smelting,  i.e.,  in  making  the  pig  iron  ;  but  the 
amount  in  the  castings  may  be  increased  by  the  use  of 
coke  containing  sulphur,  and  limestone  or  fluor  spar 
containing  much  sulphate  in  the  cupola.  Coke  contain- 
ing over  1  per  cent,  of  sulphur  makes  the  casting  harder. 
The  sulphur  may  be  increased  by  from  O'Ol  to  0'03  per 
cent,  by  the  melting,  and  with  very  bad  coke  more  may 
be  introduced. 


40  IRON    AND    STEEL    IN    THE    FOUNDRY. 

Phosphorus. — From  the  early  days  of  ironfounding 
certain  makes  of  pig  iron  have  been  celebrated  for  their 
suitability  for  making  light  castings.  These  are  brands 
smelted  from  clay  band  and  blackband  ironstone,  and 
some  oolitic  ores.  On  analysis  the  only  essential 
difference  between  these  and  other  irons  is  the  presence 
of  a  much  larger  amount  of  phosphorus.  The  observed 
difference  was  the  greater  fluidity  of  the  metal  and 
sharpness  of  the  castings,  with  slight  increase  in  the 
brittleness  and  reduction  in  deflection. 

Phosphorus  combines  with  iron  to  form  phosphides 
of  which  at  least  two  occur  in  iron,  Fe3P  and  Fe.P.,. 


Fir..  20.— GREV  I'M;  IRON  SHOWING  GRAPHITE,  PEARIJTK,  AND  PHOSPIIORVS 
KUTKCTIC. 

All  the  phosphorus  entering  the  blast  furnace  with  the 
charge  is  reduced,  and  passes  into  the  pig  iron,  and  it  is 
possible  to  produce  pig  metal  containing  up  to  25  per 
cent,  of  phosphorus  by  special  treatment.  The  amount 
in  "  all  mine  "  pig  iron  seldom  exceeds  1-5  per  cent.,  this 
being  from  certain  coal  measure  ironstones.  The  per- 
centage in  any  particular  make  is  fairly  constant.  Basic 
pig  for  basic  Bessemer  steel  contains  up  to  3-5  per  cent., 
but  is  specially  made  from'  puddling  cinder .  Phosphide 
of  iron  is  soluble  in  iron  to  a  considerable  extent,  and  in 
carbonless  or  nearly  carbonless  iron  does  not  separate 
until  the  phosphorus  exceeds  1-7  per  cent.*  Such  iron 

*  Stead,  Journal  iron  and  Steel  Institute,  1900,  Vol.  II.,  p.  60. 
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has  a  marked  tendency  to  become  largely  crystalline 
(Fig.  4,  p.  5). 

Influence  of  Carbon. — The  introduction  of  carbon 
causes  the  phosphide  to  separate  from  solution,  the 
soluble  carbide  taking  its  place.  In  irons  free  from 
silicon  and  manganese  the  separation  is  more  complete 
than  in  irons  con  taming  those  elements,  and  in  cast  iron 
the  complete  separation  is  not  effected  with  even  3' 5 
per  cent,  of  carbon.  The  effect  of  phosphorus  on  the 
properties  of  the  iron  is  entirely  dependent  upon  the 
amounts  of  the  element  retained  and  rejected  by  the 
metal.  Its  retention  has  the  effect  of  lowering  the  fusion 
point  and  making  it  fluid,  and  in  the  solid  state  harder 
and  more  crystalline  and  brittle,  though  stronger.  Its 
separation  weakens  the  metal.  (This  separated  phosphide 
remains  fluid  after  the  solidification  of  the  metal,  and  by 
contraction  may  separate  itself  from  the  crystal 
grams  to  which  it  adheres  or  produce  minute  fissures 
and  cracks.) 

In  pig  irons  the  phosphorus  appears  to  be  retained 
in  solution  by  the  silicon  till  separation  of  the  carbon  as 
graphite  has  taken  place  to  a  considerable  extent.  The 
lower  melting  point  of  the  phosphoric  portion  causes  it  to 
concentrate  to  wards  the  middle  of  the  areas  mapped  out  by 
the  graphite.  The  graphite  is  thus  surrounded  by  a 
siliceous  area  containing  some  carbon  and  manganese  and 
little  phosphorus,  and  the  inner  parts  of  the  areas  are 
occupied  by  a  low-carbon,  high-phosphorus  eutectic  con- 
taming  both  silicon  and  manganese.  These  areas  show 
the  characteristic  banded  structure  of  a  eutectic.  (See 
Figs.  8  and  20.)  The  concentration  of  the  phosphorus  in 
these  areas  may  reach  and  exceed  the  maximum  capable  of 
being  held  in  solution.  When  excess  is  present  some  of 
the  phosphide  separates  in  a  distinct  form.  The  light 
areas  in  Fig.  20  are  the  separated  phosphide. 

The  low  melting  point  of  the  phosphide  and  the 
eutectic  in  which  it  occurs  cause  phosphoric  irons  to  be 
unsuitable  for  purposes  where  they  will  be  subjected  to 
heat.  The  phosphide  will  liquate  and  exude  from  the 
casting. 

Strong  irons  seldom  contain  any  considerable  amount 
of  phosphorus.  Amounts  not  exceeding  0'5  to  0'6  per 
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cent,  do  not  affect  its  strength,  but  greatly  improve  its 
casting  qualities.  It  is  doubtful  whether  more  than  1 
to  I '25  per  cent,  of  phosphorus  is  advantageous  for  any 
purpose,  even  for  light  ornamental  work,  though  some- 
times I' 5  per  cent,  or  more  is  present. 

Effects  of  Phosphorus — Its  beneficial  effects  are  due  to 
the  lowering  of  the  melting  point,  the  greater  fluidity  of 
the  metal,  and  reduction  of  external  shrinkage.  The  effect 
on  the  carbon  does  not  appear  to  be  great ;  probably  it 
leads  to  the  formation  and  growth  of  larger  graphite  plates 


Fi«.  21.— GREY  PUJ  IKON  SHOWING  FRACTURES  OF  DIFFERENT  NUMBKRS 

(STAFFORDSHIRE). 

by  prolonging  the  cooling  period.     Its  influence  in  this 
direction  is,  however,  masked  by  other  elements. 

For  thick  castings  the  interior  of  which  must  b^ 
sound  the  amount  of  phosphorus  must  be  low. 

Other  Elements. — Of  the  other  substances  occasionally 
present  in  cast  iron  little  need  be  said.  Arsenic  is  sometimes 
present  in  small  quantities.  Its  action  is  similar  to  that  of 
phosphorus,  but  probably  less  pronounced.  Copper  is 
often  present  in  minute  quantities.  Nickel  is  occasionally 
present.  Neither  of  these  elements  in  small  quantities 
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has  any  appreciable  effect.  Titanium  is  met  with  in 
many  iron  ores,  and  is  occasionally  met  with  in  pig  iron. 
It  is  doubtful  whether  it  is  present  as  metallic  titanium. 
It  probably  occurs  as  a  distinct  compound — the  cyano- 
nitride  of  titanium — possessing  a  fine  copper-red  colour. 
Crystals  of  this  body  have  been  separated  from  certain 
very  close-grained  pig  irons  in  which  it  occurred.* 

Aluminium  is  sometimes  introduced  into  foundry 
metal  for  the  purpose  of  softening  it  without  increasing 
the  size  of  the  grain.  Its  use  is  attended  with  some 


(2) 
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FIG.  22.— <l)  HOT  BLAST  No.  3  HEMATITE.    (2)  COLD  BLAST  GRAZEHROOK 

(NETHERTON). 

difficulty  owing  to  the  marked  effects  produced  by  small 
amounts,  and  the  difficulty  of  introducing  it.  In  some 
experiments  carried  out  under  the  author's  supervision 
beneficial  results  were  obtained  by  adding  y^th  of  1 
per  cent,  to  foundry  metal.  Its  action  is  similar  in 
character,  but  more  energetic  than  that  of  silicon.  The 
separated  graphite  is,  however,  in  smaller  flakes.  It 
appears  also  in  the  presence  of  too  little  silicon  or 
phosphorus  to  render  the  metal  somewhat  less  fluid. 
Castings  containing  small  amounts  are  strong  and  tough, 

*  Very  minute  perfect  crystals  of  this  body  may  be  obtained 
by  dissolving  ferro-manganese. 
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and  easily  machined.  Its  effect  in  insuring  sounder  castings 
does  not  appear  to  be  greater  than  that  of  silicon, 
of  which,  however,  a  larger  amount  is  required.  It  does 
not,  however,  like  that  element,  produce  a  hardening 
effect,  at  anyrate  in  the  quantities  required  in  castings, 
and  the  grain  is  finer.  The  castings  do  not  show  any 
unusual  tendency  to  shrink,  "  draw,"  or  "  sink."  It  is 
best  used  as  ferro-aluminium,  and  should  be  put  into  the 
ladle  when  about  half  full,  so  that  the  running  of  the 
remainder  of  the  metal  shall  insure  admixture.  (See 
also  Melland,  Journal  of  Iron  and  Steel  Institute,  1900, 
Vol.  II.) 
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FIG.  2:5.— 6,  7,  AND  8,  MOTTLKD  \Ni>  WniTi:  STAFFORDSIIIRI:  Pi<;. 
9,  HKMATITE  WHITE  PIG. 

The  Grading  of  Pig  Iron :  Causes  of  Variations  ir 
Composition — From  the  foregoing  it  will  be  manifesl 
that  a  proper  classification  of  pig  iron  on  a  chemical  basis 
is  of  the  utmost  importance.  Its  composition  is  influenced 
by  the  nature  of  the  ore  and  other  materials  used,  anc 
also  the  method  of  smelting  employed.  The  average 
product  of  a  furnace  or  of  similar  furnaces  using  similai 
materials  varies  little  in  the  amounts  of  manganese  anc 
phosphorus,  but  variation  of  the  working  conditions  wil 
alter  the  silicon  and  proportions  of  free  and  combinec 
carbon  and  probably  the  sulphur.  Different  grades  oj 
pig  are  produced  in  the  same  furnace  by  altering  the 


IRON   AND    STEEL   IN   THE   FOUNDRY.  45 

proportion  of  fuel  used  in  the  smelting  charge.  The 
description  of  irons  by  the  district  in  which  they  are 
produced  is  commonly  resorted  to,  and  within  the  limits 
laid  down  above  is  fairly  satisfactory.  Certain  general 
characteristics  are  always  met  with.  This  only  applies  to 
the  smelting  of  local  ores  found  in  the  particular  district. 

Classification.— Pig    iron    is     generally  described  by  a* 
number  to  indicate  its  general  character.  The  iron  is  graded 
by  an  inspection  of  the  freshly-fractured  metal,  the  open- 
ness of  the  grain  being  the  basis  of  judgment.     Pig  iron  is 
described  as  grey,  mottled,  or  white.      Low   numbers — 
1  to  5 — are  grey  and  granular,  the  greyness  and  coarse- 
ness of  the  grain  being  determined  by  the  amount  of 
graphite  and  the  size  of  the  flakes.     This,   as  already 
pointed  out,  is  more  largely  affected  by  the  silicon  than 
by  any  other  element  commonly  present,   so  that  the 
greyest  iron  with  the  coarsest  flakes  of  graphite  generally 
contains  most  silicon. 

It  does  not,  however,  follow  that  pig  irons  numbered 
similarly  have  the  same  composition.     Great  variations 
are  met  with  in  pig  irons  from  different  districts,  and 
even  from  the  same  works. 

A  glance  at  the  analyses  given  below  of  pig  of  the 
same  number  received  at  different  times  from  the  same 
furnaces  will  make  this  clear,   and  emphasise  the  im- 
portance of  employing  chemical  tests  in  place  of  a  simple 
examination  of  the  fracture  if  it  is  desired  to  produce 
uniform  results. 

SOLD  AS  No.  3  IRON. 

A.  B. 

Silicon        ...         ..          ..      2-85     ..      1'63 

Manganese  ..          ,.      1'42     ..      1-12 

Phosphorus         ...          . .     0'03     . .     0'02 

Sulphur      . .          . .          . .     0-02     .  .     0*07 

Combined  Carbon  ..     0'18     ..     0*57 

Graphite    ...         ..        k  ...      3'35     ..      3'5 

It  is  quite  true  that  foundrymen  of  long  experience 
without  chemical  knowledge,  but  familiar  by  long  usage 
with  certain  brands  of  iron,  can  obtain  uniformly 
excellent  results.  They  are,  however,  seldom  able  to 
produce  similar  results  by  substituting  other  brands  of 
iron,  and  are  thus  unable  to  take  advantage  of  cheaper 
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materials  which  may  be  equally  satisfactory  if  properly 
used  and  mixed.  Certain  brands  of  iron  have  a  fictitious 
value  in  the  eyes  of  many  founders  on  this  account. 

The  method  of  numbering  in  different  districts  varies 
slightly,  but  in  most  respects  is  the  same  in  all.  The 
percentage  of  combined  carbon  increases  with  the  number 
of  the  iron. 

Grey  Iron — See  Figs.  21  and  22. 

No.  1  is  the  most  open-grained  and  generally  the 
softest  iron.  Sometimes  when  the  amount  of  silicon 
present  is  high  it  is  harder  than  No.  2.  The  carbon  is 
nearly  all  graphite,  less  than  0*3  per  cent,  of  combined 
carbon  being  present. 

No.  2  is  an  open-grained  grey  pig  iron  containing 
usually  less  silicon  than  No.  1.  It  usually  shows  some 
variation  in  the  coarseness  of  its  structure  in  different 
parts  of  the  pig,  but  is  on  the  whole  less  largely  crystalline 
than  No.  1,  and  contains  more  combined  carbon. 

No.  3  is  of  less  open  character — finer  grained — but 
still  quite  grey.  It  is  soft  and  tough,  and  stronger  than 
the  preceding.  The  percentage  of  silicon  is  lower,  and 
the  combined  carbon  higher.  It  may  amount  to  about 
0-6  per  cent. 

No.  4  is  a  close-grained  grey  pig  iron  of  a  still  stronger 
character.  The  above  are  all  foundry  irons.  Combined 
carbon  to  0-9  per  cent. 

No.  4  forge  is  a  strong,  very  fine-grained  grey  iron, 
sometimes  used  for  foundry  purposes,  but  specially 
suitable  for  the  manufacture  of  malleable  iron.  It  may 
contain  up  to  1  per  cent,  of  combined  carbon.  This  is 
known  in  some  districts  by  the  designation  V.  The 
silicon  is  lower,  and  the  combined  carbon  higher  than 
any  other  grey  iron. 

Mottled  Iron. — (Fig.  23)  is  pig  iron  which  consists  of  a 
mixture  of  white  and  grey  iron.  The  fracture  is  covered 
with  dark  grey  spots.  In  grey  mottled  the  grey  spots 
occupy  the  larger  area,  and  in  white  mottled  a  less  area 
than  the  white  matrix.  The  proportions  of  combined 
and  free  carbon  will  vary.  As  shown  by  the  analyses, 
these  irons  are  usually  lower  in  silicon  and  higher  in 
sulphur  than  grey  irons.  They  are  used  in  making  strong 
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castings,  for  mixing  with  more  open  siliceous  pig  and  for 
forge  purposes. 

White  Irons. — These  break  with  a  bright  crystalline 
fracture  and  are  exceedingly  hard  and  dense.  The 
crystals  as  seen  from  the  figure  in  no  way  resemble  those 
of  grey  iron.  The  carbon  is  nearly  all  in  the  combined 
state,  and  such  irons  contract  greatly  on  solidifying, 
passing  through  a  pasty  stage.  They  usually  contain 
more  sulphur  than  grey  irons,  unless  made  from  specially- 
selected  materials  containing  little  sulphur.  Hence  the 
care  that  must  be  exercised  in  buying  white  iron  for 
admixture  with  others  in  order  to  make  the  castings  less 
porous,  and  for  malleable  work. 

All-mine  Iron  is  a  term  used  in  Staffs,  to  indicate  that 
the  smelting  mixture  contains  no  puddling  cinder. 

Cinder  Pig  is  made  from  puddling  furnace  cinder. 

Basic  Iron  is  a  term  applied  to  phosphoric  pig.  It  is 
capable  of  conversion  into  steel  by  the  basic  process  in 
which  the  phosphorus  i  s  eliminated.  When  intended  for  the 
Bessemer  process  it  contains  as  much  as  3' 5  per  cent,  of 
phosphorus.  That  used  for  making  open-hearth  basic 
steel  often  contains  less. 

Analysis  of  No.  1  Pig  Iron. 


Hema- 
tite. 

Cleve- 
land. 

Glen- 
garnock. 

Garts- 
herrie. 

Carron. 

Froding- 
ham. 

Silicon                 .    . 

2-85 

3-5 

3-5 

2-8 

2-85 

2-75 

Manganese       
Phosphorus  

1.31 
0-03 

0-68 
1-67 

1-75 

0-90 

LOO 
0-65 

1-015 
0-850 

1.89 
L28 

Sulphur 

0-03 

0-05 

0-02 

0-035 

0-02 

Combined  Carbon    .. 
Graphite  

0-18 
3-52 

0-08 
3.20 

0-25 
3.5 

0-'25 
3-00 

0-123 
3-505 

0-16 
2-12 

Granville. 


North 
Staffs. 


Renishaw. 


Silicon    .        

2-32 

2-85 

2-68 

3-17 

Manganese     

2-70 

1.43 

2-24 

0-67 

Phosphorus 

1-18 

0-03 

i-17 

1-55 

Sulphur    

0-03 

0.02 

0-07 

0-09 

Combined  Carbon     .... 
Graphite    . 

0.34 
2-27 

0-18 
3.35 

0-52 
2-71 

traces. 
3-76 
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is  of  No.    1   Pig  Iron — continued. 


Kirkless      Cleveland      Middles-        Grazebrook. 
Hall.         (Ridsdale).          bro'.  Cold  blast. 


Silicon        

3-50 

3-5 

3-04 

1-48 

Manganese 

1-50 

0-68 

0-75 

0-96 

Phosphorus   

0-67 

1-67 

1-53 

0-43 

Sulphur      

0-03 

0-05 

0-03 

0-03 

Combined  Carbon     .... 
Graphite        

0-33 
2-67 

trace 
3-20 

0-06 
3-56 

3-07 

Analysis  of  No.  2  Pig  Iron. 


Lincolnshire  Glengarnock 

No.  2.  No.  2.  Stanton. 


Silicon 

2-4 

4-00           3-84 

Manganese     

...       1-72 

3-4 

Phosphorus   .    . 

1-34 

0-9             1-09 

Sulphur 

0-037 

0-01           0-02 

Combined  Carbon 
Graphite 

..       0-33 

2-782 

0-40          0-45 
1-78           2.54 

Grazebrook 
Cold  blast. 

Cleveland. 
No.  2 

Silicon        

1-27 

2-9 

Manganese 

0-80 

0-62 

Phosphorus 

0-34 

1-69 

Sulphur      

0-04 

0-06 

Combined  Carbon 
Graphite    

I      3-04 

0-20 
3-16 

Silicon 


Analysis  of  No.   3  Pig  Iron. 


Gartsherrie     Glengar- 
3  nock  3. 


2-3 


Manganese     1  «00 

0-65 

0.050 

0-50 


Phosphorus 

Sulphur         

Combined  Carbon 


Graphite        2-80 


2-00 
1.50 
0-90 
0-04 
0-50 
3-00 


Cleveland 
3 

Holwell. 

2-59 

3-546 

0-60 

— 

L57 

1-141 

0-08 

0-03 

0.48 

3-16 
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Analysis  of  No,   3  Pig  Iron — continued. 


Stafford- 
shire. 

Thorn- 
cliffe. 

Lincoln. 

Reni- 
shaw. 

Grazebrook 
Cold  blast. 

Silicon 

1-33 

2-43 

2-735 

2-193 

1-16 

Manganese     

0-25 

0.49 

1-962 

0-64 

0-94 

Phosphorus    

0-56 

1.3 

1-35 

1-56 

0-44 

Sulphur     

0-09 

0-05 

0-08 

0-08 

•0-05 

Combined  Carbon  .  . 
Graphite    

i  0-5 
2-14 

U-14 

0-325 
3-11 

0-13 
3-73 

3.12 

Mottled  and  White  Irons. 


Scotch        Cleveland 
>    '     White.  White. 


America 
White. 


Silicon    

1-10 

2-72 

0-50 

0-91 

Manganese 

0-65 

0-42 

0-72 

0-10 

Phosphorus  

1-40 

0-88 

1-72 

0-71 

Sulphur     

0-25 

0-11 

0-05 

0-30 

Combined  Carbon 
Graphite 

1.20 
1-20 

2-1 
0-25 

3-25 
trace 

2-9 
0-10 

Swedish 
Mottled 
(charcoal). 

Cleveland 
Mottled 
(Ridsdale). 

Cleveland 
White. 

Silicon        

0-520 

1-01 

0-67 

Manganese 

0-300 

0-62 

0-42 

Phosphorus 

0-026 

1-57 

1-60  '• 

Sulphur  

0-013 

0-32 

0-40 

Combined  Carbon 

1-730 

1-25 

3-05 

Graphite 

2-200 

1-84 

Forest  of  Dean  Hematite— Pattinson  &  Stead. 


i 

2 

3                    4 

Mottled. 

White. 

Silicon        .... 

1-073 

0-975 

0-587     0-728 

0-410 

0-305 

Combined 

Carbon  .... 

0-395 

0-570 

1-075     1-065 

1-316 

2-387 

Graphite    .... 

3-897 

3«  660 

3-020     2-865 

2-375 

0-825 

Hematite  Irons. — These  are  made  from  hematite,  either 
native  or  imported,  hence  the  name.  They  usually 
contain  but  little  sulphur  and  phosphorus,  but  may 
contain  much  silicon — up  to  3  •  5  per  cent. — and  graphitic 
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carbon.  The  manganese  contents  vary  with  the  ore. 
Hematite  irons  are  looked  upon  as  being  synonymous 
with  strength  and  toughness.  From  a  perusal  of  the 
analyses  given  the  reasons  for  this  will  be  apparent. 
The  low  sulphur  tends  to  a  reduction  of  internal  stresses 
caused  by  irregular  contraction,  and  the  low  phosphorus 
reduces  the  liability  to  fracture  from  shock.  The  latter 
also  accounts  for  the  greater  infusibility  of  the  metal.  This 
does  not  apply  to  hematite  irons  containing  much  silicon 
and  manganese.  Irons  containing  little  phosphorus  have  a 
greyer  appearance  due  to  the  absence  of  the  phosphide, 
which  is  whiter  than  any  other  constituent. 

American  Grades. — Nos.  1,  2,  3  Foundry,  No.  1  soft, 
No.  2  soft  silver  grey,  forge  mottled  and  white,  are  the 
descriptions  in  use  in  the  United  States.  The  specifica- 
tion for  these  different  grades  is  given  later. 

The  connection  between  the  number  of  the  iron  and 
the  chemical  composition  will  be  apparent  from  the 
analyses.  Speaking  generally,  there  is  a  diminution  in 
the  graphite  and  an  increase  in  the  amount  of  combined 
carbon,  a  diminution  in  the  silicon  contents,  and  an 
increase  in  the  sulphur,  especially  in  the  higher  numbers. 
The  phosphorus  and  manganese  are  not  seriously  affected. 
These  differences  interpreted  in  the  light  of  the  observa- 
tions already  made  on  the  effect  of  the  elements  individu- 
ally will  explain  the  differences  in  character  of  the 
different  numbers. 

It  cannot  be  too  clearly  stated  or  too  often  reiterated 
that  the  fracture  of  pig  iron  is  no  sufficient  guide  to  its 
character,  although,  knowing  the  working  qualities  of  an 
iron  from  a  given  source,  the  fracture  may  serve  as  an 
important  guide. 

Perro-Silicon  is  a  material  consisting  of  iron  and  silicon, 
and  often  other  elements.  It  may  contain  as  much  as 
14  per  cent,  of  silicon.  More  commonly  it  contains  from 
10  to  12  per  cent.  It  is  sometimes  used  for  the  purpose 
of  adding  silicon  to  an  iron  mixing  in  order  to  soften  the 
metal.  Its  use  for  this  purpose  is  less  satisfactory  than 
the  employment  of  ordinary  kinds  of  pig  iron  containing  a 
considerable  amount  of  silicon,  as  the  amount  necessary 
in  dealing  with  any  mixture  of  iron  that  would  yield  a 
satisfactory  metal  for  casting,  would  be  small,  and  bear  a 
comparatively  small  proportion  to  the  whole,  and,  as  its 


IBON  AND  STEEL  IN  THE  FOUNDRY. 


51 


melting  point  and  density  are  considerably  different  from 
ordinary  cast  iron,  it  is  difficult  to  secure  proper  admixture. 
Ferro-silicon  contains  little  carbon  and  this  is  free.  It 
seldom  contains  much  sulphur,  and  generally  little 
phosphorus. 

Silico-Spiegel  contains  manganese  in  addition  to  silicon. 
It  may  contain  25  per  cent,  of  manganese  as  well  as  12 
per  cent,  of  silicon. 

Glazy  Pig  Iron  is  a  highly-siliceous  pig  iron. 


FIG.  24.— SILICO-SPIEGKL  SHOWING  GRAPHITE  FLAKES. 

Silver  Grey  Iron  is  the  term  used  in  the  States  for  a 
siliceous  grey  pig  iron. 

Ferro- Phosphorus  is  a  recent  product.  It  contains  from 
12  to  25  per  cent,  of  phosphorus.  It  can  be  used  to 
convey  phosphorus  into  the  metal,  and  must  be  added 
in  the  ladle.  It  should  be  put  into  the  ladle  when  about 
half -full,  and  the  rest  of  the  metal  run  in  upon  it.  This 
insures  thorough  mixing. 

Fcrro-Aluminium  containing  varying  amounts  of  aluminium 
has  already  been  referred  to.  It  may  be  added  in  the 
same  manner  as  ferro-phosphorus. 
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VARIATION  IN  COMPOSITION  OF  GRADES. 

Example  of  Iron  from  the  same  Furnace  Sold  under  Different 

Numbers, 


No.  1. 

No.  2. 

Silicon 

3-149 

3-826 

Manganese 

0-480 

0-380 

Sulphur      .         .  ,     .        

0-028 

0-025 

Phosphorus                

1-042 

1-092 

Combined  carbon 

0-225 

0-157 

Graphitic  carbon 

2-901 

3-504 

*  Examples  of  No.  3  Foundry  Iron,  supplied  by  the  same  makers, 
delivered  at  different  dates,  all  the  same  brand. 


Nov., 

1897. 


Silicon 3-337 

Manganese 0'410 

Sulphur       0-016 

Phosphorus 1-110 

Combined  carbon..  0-581 

Graphitic  carbon ...  3-442 


Oct., 

1898. 


3-359 
0-362 
0-041 
0-898 
0-496 
2-462 


Feb., 

1899. 


2-239 
0-274 
0-045 
1-581 
0-245 
3-501 


Mar., 
1899. 


2-799 

0-280 

0-032 

1-548 

0-2 

2-708 


May, 

1899. 


2-893 
0-308 
0-037 
1-558 
0-152 
3-250 


May, 

1901. 


2-706 
0-337 
0-031 
1-636 
0-066 
2-880 


Attention  has  been  previously  drawn  to  an  even  wider 
variation  than  is  shown  in  these  figures. 


Close  No.  3. 

Close  No.  3. 

Open  No.  3. 

Silicon       

3-033 

2-006 

2-613 

Manganese 

0-280 

0-490 

0-445 

Sulphur    

0-066 

0-065 

0-044 

Phosphorus      
Combined  carbon    .. 
Graphite  

0-652 
0-348 
3-302 

0-731 
0-402 
2-550 

0-795 
0-525 

2-780 

The  necessity  of  buying  pig  iron  by  analysis  is  evident. 
The  analyses  should  moreover  be  done  on  the  parcel  of 


*  Buchanan,  Jour.  Staffs.  I.  and  S.  Inst.,  Vol.  XVII.,  page  28. 


IRON   AND    STEEL  IN   THE   FOUNDRY.  53 

material  bought,  as  temporary  variations  in  the  working 
of  the  blast  furnace  may  influence  the  proportion  of 
silicon  to  a  very  great  extent. 

Density  of  Pig  Iron. — In  connection  with  the  mixing  of 
various  grades  of  pig  iron  when  melted  in  the  ordinary 
manner  in  a  cupola  the  question  of  density  is  important 
as  upon  this,  and  the  different  melting  points  and  the 
position  in  the  cupola  charge,  will  largely  depend  the 
completeness  of  the  admixture 

Pig  irons  of  the  same  number  from  different  localities 
vary  owing  to  the  variation  in  the  composition.  Speaking 
generally,  the  softest  greyest  irons  are  lightest,  and  the 
close  and  white  irons  heaviest. 

Specific  gravity  of  pure  iron  . .  . .  7*84 

Specific  gravity  of  white  iron  , .  . .  7  •  59 

Mottled  iron            . .          . .  . .  . .  7-52 

Soft  foundry  iron  ..          .,  ..  ..  7'25 

Very  soft  siliceous  iron      . .  . .  . .  6-867 

Mixing  Irons  for  Foundry  Purposes. — This  is  done  with  a 
view  to  obtain  the  best  possible  metal  for  any  particular 
purpose.  Generally  irons  from  different  localities  are 
mixed  in  order  to  obtain  a  good  average,  and  eliminate 
slight  variations  in  the  iron.  The  same  variation  is  not 
likely  to  occur  in  two  places  simultaneously  unless  they 
are  working  on  similar  ores,  and  a  change  occurs  in  the 
quality  of  the  ore.  Mixing  also  permits  of  the  introduction 
and  graduation  of  such  elements  as  require  augmenting 
or  reducing  in  amount. 

Scrap. — A  good  deal  of  scrap  cast  iron  is  generally 
employed  in  the  mixture.  This  may  consist  of  (a)  light 
shop  scrap,  such  as  gates,  runners,  &c.  ;  (b)  heavy  shop 
scrap,  wasters,  and  heavy  gates  and  runner  heads,  &c.  ; 
(c)  light  machinery  scrap  ;  (d)  heavy  machinery  scrap ; 
(e)  common  scrap. 

The  shop  scrap  will,  of  course,  be  of  known  quality. 
Bought  scrap  will  vary  very  much. 

Heavy  machine  scrap  may  be  taken  at  about  1  •  8  to 
2  per  cent,  silicon,  3  to  3-2  per  cent,  carbon,  of  which  0-5 
to  0-6  per  cent,  is  combined,  phosphorus  0-8  per  cent., 
and  sulphur  0  •  1  per  cent.  Manganese  under  0  •  6  per  cent. 
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Light  machinery  scrap  may  be  taken  as  2  to  2-5  per 
cent,  silicon  ;  phosphorus  up  to  1  per  cent. 

Common  scrap  may  contain  as  much  as  1  •  5  per  cent, 
phosphorus,  from  1  •  5  to  3-5  per  cent,  silicon,  sulphur  up 
to  0*25  per  cent.,  and  requires  careful  assortment.  The 
larger  proportion  of  silicon  often  present  in  the  lighter 
portions  of  this  scrap  is  generally  more  than  discounted 
by  the  amount  of  iron  rust  and  other  matters  present 
which  help  to  oxidise  and  remove  the  silicon  during 
melting.  Its  use  in  particular  work  must  therefore  be 
avoided. 

Scrap  must  always  be  carefully  sorted  over  to  remove 
malleable  iron  scrap  and  any  that  appears  unsuitable,  as, 
for  example,  from  excessive  corrosion.  They  are  un- 
suitable for  cupola  melting  and  ordinary  castings.  The 
malleable  cast  iron  contains  too  little  silicon  for  any 
ordinary  purpose,  and  the  latter,  as  already  stated,  will 
impoverish  the  metal  in  this  respect.  It  and  burnt  iron 
may,  however,  be  used  by  suitable  admixture. 

SPECIFICATIONS  FOR  PIG  IRON  BY  JNO.  L.  CASE  Co. 

FOUNDRY  No.  1.  Per  Cent. 

Silicon  not  to  be  less  than .  .          .  .          .  .  2-50 

Manganese  not  to  exceed  .  .          .  .          .  .  0-50 

Phosphorus    „  „        0-60 

Sulphur          „  „        0-03 

Total  carbon  usually  between  3  •  0  and     .  .  4-5 

FOUNDRY  No.  2. 
Silicon  not  to  be  less  than . .          . .          .  .      1-95 

Manganese  not  to  exceed  . .          . .          . .     0-70 

Phosphorus    „  „        ..          ..          ..0-70 

Sulphur          ,,  „        0-04 

Total  carbon  will  range  from        .  .    2  •  9  to     4-2 

FOUNDRY  No.  3. 

Silicon  not  to  be  less  than .  .          . .          . .  1-35 

Manganese  not  to  exceed  .  .          . .          . .  0-90 

Phosphorus    „  „        0-80 

Sulphur          „  „         0-05 

Total  carbon  will  be  between         .  2- 5  and  4-0 
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SILVER  GREY  (S.G.),  OR  SILICON  PIG.    per  Cent. 
Silicon  not  less  than  . .      3  or  over     5-0 

Manganese  not  to  exceed  . .          . .          . .     0-30 

Phosphorus    „  „        0-90 

Sulphur          „  „        0-04 

Total  carbon  not  less  than .  .          .  .          .  .      2-50 

FERRO-SILICON. 

Silicon  not  less  than  -  ,      7  •  0  or  over    12-50 

Manganese  will  vary  from  . .  0  •  2  to     3-00 

Sulphur  not  to  exceed        . .          . .          . .     0-40 

Graphitic  carbon  as  a  rule  will  be  low,  up  to     3-0 

MANGANIFEROUS  PIG. 

Silicon  not  less  than  . .          .  .          . .      2-50 

Manganese  not  to  exceed  .  .          .  .          .  .      9-00 

Phosphorus     „  ,,        ..          ..          ..0-70 

Sulphur          „  „        0-04 

Combined  carbon  may  range  from  0  •  3  to     3-0 
Graphitic  carbon  may  range  from  0  •  4  to     3-5 

PHOSPHORIC  PIG  IRONS. 

Silicon  must  not  be  less  than       . .          .  .  1-5 

Manganese  may  range  from         . .  0  •  3  to  0-9 

Phosphorus  must  not  be  less  than         .  .  1-00 

Sulphur  must  be  below     . .         . .          . .  0-05 

Total  Carbon  not  below 3-0 

The  Report  of  the  British  Iron  Trade  Commission 
gives  the  following  as  typical  American  specifications  :— 

Special  Hard  Iron. — Silicon  must  be  between  1  •  2  and 
1-6,  sulphur  must  not  exceed  0-095  per  cent.  Castings 
containing  0-115  will  be  rejected  except  where  the  metal 
is  intended  for  frictional  wear,  as,  for  example,  brake 
shoes,  in  which  case  it  may  reach  0-15  per  cent. 

Phosphorus  must  be  below  0-7  per  cent. 

Manganese  must  be  below  0-7  per  cent.,  except  in 
special  chilled  work. 

(The  above  is  intended  for  a  close,  dense,  non-porous 
iron  of  a  tough,  strong  character.  It  must  be  remembered, 
however,  that,  speaking  generally,  American  irons  contain 
less  silicon  and  sulphur  than  British  irons  of  similar 
grade,  and  that  similar  results  may  be  obtained  from 
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metal  of  other  composition  in  which  the  increased  sulphur 
is  compensated  by  more  silicon.) 

Medium  Iron. — Silicon  between  1  •  4  and  2  per  cent,  for 
gears  1*5  per  cent.  Sulphur  must  not  exceed  0*085 
per  cent,  and  any  showing  0  -095  or  more  will  be  rejected. 
Phosphorus  and  manganese  must  be  below  0-7  unless 
otherwise  specified. 

Soft  Iron. — Silicon  must  be  between  2  •  2  and  2  •  8 
per  cent.,  with  preference  for  2  •  4  per  cent.  Sulphur  below 
0*085  per  cent.  ;  phosphorus  below  0*7  per  cent.,  but 
in  cases  where  the  metal  is  required  to  be  very  fluid  it 
may  run  up  to  1-25  per  cent.,  as  in  stove-grate  work. 
Manganese  below  0*7  per  cent.,  except  in  chilled  work. 
For  heavy  chills  it  may  reach  1  •  25  per  cent. 

Specifications  for  Castings  for  Machining. 


General 
Thickness 
under  ^in. 

Thickness 
under  lin. 

Thickness 
under  2in. 

Silicon...     '  , 
Manganese  .. 

2-4  to  2-6 

0-2  to  0-7 

2-3  to  2-5 
0'5  to  0'7 

2  to  2-3 
0-3  to  0*7 

I'hosphorus 
Sulphur       
Combined  carbon. 
Graphite      

0-7  to  1-0 

0-06  to  0-10 
0-30  to  0-5 
2-8  to  3-0 

0-5  to  0-9 
0-07  to  O'l 
0-30  to  0-5 
2-8  to  3-0 

0-4  to  0-0 
0-08  to  0-12 
0-30  to  0-5 
2-4  to  2-8 

The  Analyses  given  below  indicate  the  composition  of  Metal 
employed  for  particular  purposes  by  different  makers  :— 


i 

i        ~i 

3 

4 

5 

6 

Silicon        

1-85 

1-5 

I-' 

"7 

1 

•81 

1-86 

1-51 

Manganese 

0-80 

1-0( 

) 

0-r 

"7 

0 

•80 

0-65 

0-65 

Phosphorus 

0-36 

0-5, 

0-< 

33 

0 

•81 

0-53 

0-33 

Sulphur       

0-096 

o-o 

75 

0-( 

)5 

0 

•10 

0-09 

0-068 

Combined  carbon 

0-58 

i     0-5 

()•( 

) 

0 

•56 

0-58 

0-62 

Graphite    

2-5 

,     2-5 

2-( 

53 

2 

•78 

2-84 

2-45 

7 

g 

9 

if 

11 

12 

13 

Silicon 

1-80 

1-90 

2 

•0 

l-< 

) 

2-4 

I 

2-31 

2-83 

Manganese 

1-60 

1-30 

0 

•55 

o-i 

>4 

0-7 

1 

0-33 

0-65 

Phosphorus 

0-7 

0-94 

0 

•9 

o-< 

)0 

0-4 

1-175 

0-976 

Sulphur      

0-08 

0-09 

0 

•09 

0-( 

)8 

o-o 

3 

0-09 

0-07 

Combined  carbon 

0-71 

0-54 

0 

•51 

o-« 

52 

0-4 

3 

0-26 

0-53 

Graphite     

2-3 

2-75 

r> 

•6 

2' 

75 

3-2 

2-75 

3-1 

No.  1  is  a  typical  strong  iron  of  high  tensile  strength 
and  good  foundry  quality,  yielding  sound,  strong  castings, 
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and  is  sufficiently  fluid  for  heavy  and  moderately  heavy 
work.  It  is  the  average  analysis  of  metal  yielding  the 
best  results  over  a  considerable  period. 

No.  2  is  the  analysis  of  typical  strong  foundry  iron  for 
engineering  purposes  given  by  Prof.  Turner. 

No.  3  is  a  strong  close  metal. 

No.  4  was  used  for  cylinder  work.  It  is  a  strong, 
tough,  close,  non-porous  metal. 

Nos.  5  and  6  were  used  for  similar  purposes,  the  latter 
for  heavier  work  than  4  and  5. 

No.  7  is  a  close  metal  which  will  run  in  thin  castings. 
Has  been  used  for  cylinders  with  high  piston  speed, 
both  steam  and  internal  combustion.  All  bore,  turn,  and 
otherwise  machine  well,  and  if  properly  treated  yield 
sound  castings.  This  metal  glazes  well  on  the  machine. 

No.  8  is  a  strong  iron  which  was  used  for  heavy 
machinery  and  is  fairly  good. 

No.  9.     Another  for  the  same  purpose. 

No.  10,  used  for  heavy  castings,  lathe  beds,  &c., 
would  be  better  with  less  phosphorus.  Has  a  slight  ten- 
dency to  sponginess  where  parts  are  kept  hot  for  a  long 
time. 

No.  11,  for  Jight  work,  where  strength,  toughness, 
and  resistance  to  shock  were  necessary  ;  fluid  and  grey 
down  to  lin.  diam. 

No.  12,  used  for  light  plate  work. 

No.  13,  for  light  work  of  uniform  thickness  ;  casts 
soundly,  strong,  and  shows  little  distortion.  Quite 
unsuitable  for  use  where  large  variations  of  thickness. 

The  analyses  are  mainly  by  the  author. 

It  will  be  observed  that  in  light  castings  the  silicon 
is  very  largely  increased  and  irons  rich  in  total  carbon, 
which  insure  the  liberation  of  a  large  amount  of  graphite, 
are  employed.  As  previously  stated,  such  iron  must  be 
lower  in  manganese  and  phosphorus,  especially  if  there 
are  any  heavy  parts  in  the  casting.  On  the  other  hand, 
for  chilling  purposes  metals  low  in  silicon,  the  amount 
present  varying  from  0-5  to  1  per  cent.,  according  to  the 
bulk  of  the  casting,  are  employed  with  higher  manganese 
contents.  Chill  casting  will  be  dealt  with  later  on. 

Changes  that  Occur  in  Metal  During  Remelting. — (Fig.  25.) 
The  differences  in  appearance  and  character  noticeable 
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between  pig  iron  and  castings  are  partly  due  to  differences 
in  composition  and  partly  to  the  different  conditions  under 
which  it  was  cast  and  cooled.  The  higher  temperature  of 
blast-furnace  metal  and  consequent  slower  cooling  tend 
to  produce  more  open-grained  metal.  The  difference  in 
composition  is  brought  about  by  admixture  of  different 
kinds  of  pig  iron  and  scrap,  and  by  the  oxidation  and  other 
changes  taking  place  during  melting. 

The  elements  which  influence  the  fusibility  and  fluidity 
of  the  metal — silicon,  manganese,  and  phosphorus — are 
all  more  readily  oxidisable  than  iron,  and  in  melting  there 
is  always  a  tendency  to  remove  some  of  them  in  the  slag. 
Under  ordinary  conditions  of  melting  in  the  cupola 
phosphorus  is  not  affected,  but  silicon  and  manganese  may 
both  be  removed.  Silicon  is  the  element  that  usually 
suffers  most,  and  whose  effects  are  most  marked.  Sulphur 
may  be  taken  up  from  the  coke  and  the  quantity  consider- 
ably increased.  Reference  to  the  effects  produced  by  these 
elements  will  show  the  importance  of  these  changes. 
Further  notice  of  these  changes  and  the  conditions  which 
determine  the  extent  to  which  they  take  place  will  be 
noticed  under  the  heading  of  cupola  management. 

The  alteration  in  composition  is  least  in  melting  in 
crucibles,  greater  in  cupolas,  and  in  air  and  regenerative 
furnace  melting.  The  actual  amount  of  oxidation  taking 
place  will  vary  with  every  furnace  and  method  of 
working,  but  a  fair  average  can  be  arrived  at. 

Melting  in  Crucible. 

COMPOSITION  OF  METAL. 

Before  After 

Melting.  Melting. 

Silicon           2-35  .  .  2-23 

Manganese 0-83  ..  0-76 

Phosphorus 1-21  ..  1-2 

Sulphur 0-07  ..  0-072 

Carbon,  combined  ..          ..           ..      0-28  ..  0-30 

Carbon,  graphitic    .  .          .  .          .  .      3-1  .  .  3-05 

The  metal  used  had  some  rust  on  its  surface. 

In  melting  in  cupolas,  the  alteration  varies  with  the 
amount  of  silicon  present,  the  volume  and  pressure  of  the 
blast,  and  the  temperature  of  melting.  The  loss  is  less 
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in  a  hot  furnace,  burning  more  coke,  than  in  a  cooler 
furnace,  so  that  it  is  sometimes  false  economy  to  limit 
the  coke  supply,  as  such  alteration  may  take  place  as  to 
seriously  affect  the  value  of  the  metal  for  the  purpose 
required.  An  excess  of  blast  produces  a  similar  result, 
and  gives  more  sluggish  metal  with  the  probability  of 
unsound  castings. 

The  amount  of  silicon  removed  from  an  ordinary 
foundry  mixture  containing  about  2-2  to  2-5  per  cent, 
silicon  is  from  0-2  to  0-22  per  cent.,  but  may  reach  0-25 
per  cent.  The  manganese  reduction  is  generally  smaller 
unless  the  quantity  originally  present  is  greater  than 
usual. 

In  air  and  regenerative  furnaces  the  alteration  is  also 
considerable.  The  classical  experiments  on  remelting 
made  by  Sir  W.  Fairbairn  in  1853  are  well  known.  He 
concluded  that  pig  iron  improved  with  remelting  up  to 
the  twelfth  melting.  His  deductions  were  made  from 
physical  tests  of  the  metals.  The  pig  iron  employed 
contained  more  than  4  per  cent,  of  silicon,  and  was  melted 
in  an  air  furnace,  a  sample  bar  being  run  after  each  re- 
melting.  The  metal  was  remelted  18  times. 

In  1886  Prof.  Thomas  Turner  obtained  samples  from 
the  original  bars,  and  submitted  them  to  analysis.  The 
results  are  given  below  : — 


No.  of 

Total 

Combined 

Phos- 

Melting. 

carbon. 

carbon. 

Silicon. 

1    Sulphur. 

Manganese. 

phorus. 

2-67 

0-25 

422 

0-03 

1-75 

0-47 

8 

2-97 

0-08 

3-21 

0-05 

0-58 

0-53 

12 

2-94 

0-85 

2-52 

o-u 

0-33 

0-55 

14 

2-98 

1-31 

2-18 

013 

0-23 

0-56 

15               2-87 

1-75 

1-95 

0-16 

0-12 

0-61 

The  analyses  show  that  the  effects  observed  by  Sir  W. 
Fairbairn  were  the  result  of  the  change  in  composition, 
the  diminished  silicon  leading  to  an  increase  in  the  com- 
bined carbon,  even  with  the  reduction  of  the  manganese, 
yielding,  up  to  a  certain  point,  a  closer-grained,  stronger 
iron. 

The  oxidisation  and  removal  of  silicon  by  rust  has 
already  been  noticed.  Rust  is  an  oxide  of  iron  which  parts 
with  a  portion  of  its  oxygen  to  the  silicon  very  readily. 


60 


IRON  AND  STEEL  IN  THE  FOUNDRY. 


Any  other  oxide  such  as  scale  (hammer  scale)  produces  the 
same  result.  Hence  the  importance  of  carefully  selecting 
scrap. 

In  making  up  mixtures  to  insure  iron  of  a  certain  com- 
position, allowance  must  be  made  for  melting  losses. 

Calculation  of  Furnace  Mixtures. — It  is  usual  in  making  up 
a  furnace  charge  to  select  such  brands  of  iron  as  may,  by 


(4) 


•1) 


FIG.  2f>. — ;i)  CAST  IRON  SCRAP.     (2)  RKNISIIAW  PIG. 
(4)  CASTING  FROM  MIXTTKKS  01-  1,  2 


(3)  Xo.  3  HEMATITK. 
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suitable  admixture,  be  made  to  yield  metal  of  the  desired 
composition.  In  most  cases  preference  is  given  to  some 
particular  make  and  number,  either 'from  its  established 
reputation  or  because  of  its  lower  price.  The  necessity, 
too,  of  using  up  the  shop  scrap,  and  "the  advantages  of 
being  able  to  employ  bought  scrap  satisfactorily  are 
obvious.  With  shop  scrapTthe  alteration  in^composition 
due  to  melting  losses  will  affect  the  behaviour  of  the  metal 
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in  its  subsequent  use,  and  it  would  ultimately  become  hard 
and  unusable.  With  bought  scrap  a  knowledge  of  its 
character Jmore~or  less^satisfactory  may  be  inferred  from 
the  nature  of  thejscrap,  and  in  some  cases  the  probable 
date  of  the  castings.  MuchTof  the  old  engine  and 
machinery  scrap,  for  example,  being'made  from  cold  blast 
iron,  and  modern  machine  scrap  being  rated  as  strong 
cast  iron,  with  a  moderate  silicon  and  phosphorus  con- 
tent. Light  scrap,  on  the  other  hand,  is  more  highly 
silicious,  and  probably  more  phosphoric. 

It  is  impossible,  however,  to  properly  gauge  the  quality 
of  scrap.  Speaking  generally,  it  is  more  easy  to  do  so  with 
heavy  scrap  than  with  light.  The  difficulty  of  sampling 
also  makes  the  value  of  a  chemical  analysis  less,  for  though 
the  analysis  may  represent  the  composition  of  the  piece 
or  pieces  analysed,  the  bulk  may  vary  greatly. 

Good  machinery  scrap  may  be  rated  for  general  pur- 
poses as  containing — 

1*5    to  2-0  per  cent,  silicon. 
0-05  to  0-1     „         „     sulphur. 
0-2  ^to  0-8     „         ,,     phosphorus. 
0-2    toO-75  ,,         ,,     manganese. 
2-0    to  3-0     „         „     total  carbon. 

The  above  is  a  fair  average,  but  special  scrap  will 
show  wide  variations  from  the  above. 

Light  scrap  may  contain  up  to  3  per  cent,  silicon  and 
1*5  per  cent,  phosphorus,  and  the  manganese  may  reach 
or  exceed  1  per  cent. 

It  has  already  been  shown  that  the  amount  of  com- 
bined carbon  and  the  character  of  the  casting  can  be 
regulated  to  a  great  extent  by  silicon  contents  of  the  metal, 
and  this  is  generally  done.  The  employment  of  silicon  for 
this  purpose  must,  as  previously  stated,  be  carried  out 
with  discretion.  Silicon  will  not  improve  irons  deficient 
in  total  carbon  to  the  same  extent  as  those  in  which  the 
total  carbon  is  high,  but  the  percentage  of  free  carbon  is 
too  small,  while  its  indiscriminate  use  in  metal  containing 
much  manganese  and  phosphorus  is  likely  in  massive 
castings  and  thick  parts  to  produce  sunk  and  unsatis- 
factory castings. 

Its  use  therefore  to  "  open  the  grain  "  and  "^soften^" 
the  iron  must  be  made  with  these  limitations.  Hard 
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irons  deficient  in  carbon  must  be  mixed  with  high  carbon 
irons  if  silicon  is  to  be  added.  Without  such  admixture, 
aluminium  is  likely  to  produce  better  results  as  a  softener. 

Calculation  of  a  Furnace  Charge,. 

Composition  of  Materials  to  be  used. 


Pig  Iron. 

Scrap. 

Composition 
of  Metal 
Required. 

Silicon 
Manganese 
Phosphorus 
Sulphur 
Carbon 

A 
2-16 
0-3 
0-37 
0-02 
3-54 

B 
2-75 
1-00 
1-73 
0-03 
3-25 

c 
1-27 
1-01 
1-09 

0-08 
3-65 

D 
4-5 

,     0-02 
0-5 
0-04 
3-1 

1-8 
0-5 
06 
0-07 
3-0 

2-1 
0-6 

0-8 
0-07* 
3  to  3-2 

*  Not  to  exceed. 

Assuming  a  melting  loss  of  0-25  per  cent,  silicon,  the 
total  percentage  in  the  melt  will  have  to  be  increased  by 
that  amount. 

2  •  1  +  0  •  25  =  2  •  35  average  silicon  in  cupola  charge. 

C  is  the  cheapest  of  the  metals  enumerated,  and  there 
is  a  good  supply  of  scrap.  The  bulk  of  the  charge  is, 
therefore,  made  up  of  these  materials,  and  the  adjust- 
ment of  the  silicon  is  made  by  D.  Starting  with  this 
intention  a  trial  calculation,  as  set  forth  in  the 
table  below,  will  show  that  5  parts  "  C,"  5  parts 


Pig 

Iron 
used. 

Weight 
in 
Lb.s. 

Total  Silicon. 

Total 
Manganese. 

Total 
Phosphorus. 

Total 
Sulphur. 

A 
B      ... 

C      ... 

Scrap 

200 
100 
500 

500 

2-16x2  =  4-32 
2-75x1  =  2-75 
1-27x5-6-35 
1-8    x5  =  9-0 

0-3  x  2=0-6 
1-0 
1-01x5=5-05 
0-5  x  5-2-5 

0-37  x  2=  0-74 
1  73 
1-09  y.  5  =  5-45 
0-6    x  5  ^3-00 

0-02x2-  0-04 
0-03 
0-08x5  =  0-40 
0-07x5  =  0-35 

1,300 

22-42                  9-15 

10-92 

0-82 

Dividing  by  13,  we  get  Si  =  1'72  per  cent. 
Mn  =  0-70 
P  =  0-84 
S  =  0-063      ,, 

"  scrap,"  2  parts  ''A,"  and  1  part  "  B,"  will  give  approxi- 
mately the  required  composition  in  all  respects  except 
silicon.  The  calculation  is  most  readily  made  in  multiples 
of  lOOlbs.,  as  that  enables  the  percentage  analysis  to  be 
used  directly. 
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The  composition  of  the  mixture  decided  on  may  be 
calculated  from  the  foregoing  table. 

The  calculation  of  the  amount  of  d  required  to  supply 
the  silicon  deficiency  is  made  as  follows  : — 


Material. 

Amount   of 
material  in 
mixture  in  Ibs. 

Lbs.  of  Silicon 
present. 

Lbs.  of  Silicon     , 
required  as  per 
specification.     > 

Excess 
in  Ibs. 

Deficiency 
in  Ibs. 

Scrap 

500 

5x  1-8   =9 

5x2-35=11-75 

2-75 

c 

500 

5x1-27  =  6-35 

5x2-35=11-75 

5-4 

a                   200 

2x2-16  =  4-32 

2x2-35=   4-70 

0-38 

b                  100 

1x2-75  =  275 

1x2-35=  2-35 

0-4 

1,300 


30-55       0-4  8-53 

0-4 


Net  deficiency 


8-13 


x     100    =    number  of 


Since  lOOlbs.  of  "d"  contain  4-5lbs.  of  silicon,  and 
2  •  35  only  are  required  to  fill  the  specification,  each  lOOlbs. 
contains  4-5  —  2-35  =  2-15lbs.  of  silicon  available  for 
making  up  the  deficiency  in  the  other  irons  forming  the 
mixture,  for  each  l,300lbs.  of  which  8-13lbs.  of  silicon 
are  necessary, 

Total  weight  of  silicon  required 

excess  of  silicon  in  "  d  " 
pounds  "d"  required. 

o.  i  q 

4^-x   100  =  346-2approx. 
Z'oo 

Since  foundry  scales  seldom  w^eigh  to  less  than  5lbs., 
the  nearest  multiple  of  5  is  chosen,  and  3'45lbs.  of  "  d  " 
added.  The  charge  would  be  :  — 

5001bs.  "C." 
SOOlbs.  scrap. 


200lbs. 
lOOlbs. 
345lbs. 


A." 
B." 
D." 


Total 


l,645lbs. 


Approximately  in  cwts.  this  would  work  out  :  5  cwts. 
"  c,"  5  cwts.  scrap,  2  cwts.  "  a,"  1  cwt.  "  b,"  3  cwts.  1  qr. 
14lbs.  "  d."  It  is  easiest,  however,  to  work  the  calcula- 
tion in  multiples  of  lOOlbs. 
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The  calculation  may  be  made  in  another  way,  as 
follows  :  On  referring  to  composition  of  the  mixture,  the 
average  silicon  contents  are  1-72  per  cent.  Deducting 
0-25  for  melting  loss,  1-47  per  cent,  remains  as  the  silicon 
content,  showing  a  deficiency  of  0-63  per  cent.,  so  that 
the  total  deficiency  on  l,300lbs.  =  13  x  0-63  =  8 -libs, 
of  silicon,  and  the  calculation  may  then  be  made  as 
before. 

The  composition  of  the  mixture  calculated  as  before, 
becomes  : — 

Silicon          . .      .  .      2-35     as  it  goes  into  cupola. 

Manganese  . .     0-627 

Phosphorus          ..     0-77 

Sulphur  .  .      0-053  to  which  must  be  added 

the  sulphur  taken  up  from  the  coke. 


CHAPTER   II. 

TESTING  CAST  IRON. 

A  CAREFUL  consideration  of  the  facts  already  noted 
will  impress  the  reader  with  the  great  possibility  of  the 
occurrence  of  very  considerable  variation  in  the  physical 
properties  of  iron  after  being  made  into  castings.  Not 
only  are  these  properties  dependent  on  the  composition  of 
the  metal  as  it  is  obtained  in  a  molten  condition  in  the 
ladle,  but  also  upon  the  rate  of  cooling,  and  this  in  turn 
upon  the  size  and  weight  of  the  casting,  the  thickness  of 
the  parts,  whether  the  weight  is  equally  distributed  or 
concentrated  at  certain  points,  and  the  treatment  of  the 
casting  after  running.  The  soundness,  freedom  from 
blowholes,  draws,  and  cold  shorts,  dirty  and  spongy 
parts,  influence  the  strength  of  the  casting  as  a  whole  ; 
but  these  depend  to  a  greater  extent  upon  the  skill  of 
the  moulder  and  the  selection  of  a  suitable  mixture  to 
produce  metal  of  the  character  for  the  work  in  hand. 

It  becomes  therefore  of  the  first  importance  to  deter- 
mine experimentally  whether  the  metal  is  of  the  character 
required  for  the  purpose.  The  testing  of  cast  iron  is  not 
so  easy  or  so  satisfactory  as  the  testing  of  steel,  owing  to 
the  fact  that  castings  represent  at  least  a  penultimate  stage 
of  the  work.  Steel  plates,  rails,  &c.,  are  practically  only 
raw  material  and  portions  can  be  cut  from  the  plates 
actually  used,  and  the  character  of  the  metal  determined 
directly.  Further,  a  whole  batch  of  steel  articles  is 
made  under  conditions  which  are  practically  identical, 
so  that  it  is  possible  by  selection  to  test  even  many 
finished  articles  by  sample,  carrying  the  test  of  the 
selected  articles  to  destruction.  Such  a  course  may  be 
followed  in  the  case  of  some  cast-iron  articles,  but  is 
practically  impossible  in  the  case  of  the  majority  of 
castings  owing  to  the  high  cost  of  production  and  con- 
sequent loss  if  the  articles  were  tested  to  destruction. 

Besides  these  tests,  others  of  equal  if  not  greater 
importance  to  the  founder  are  necessary  to  prove  the 

Ei 
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suitability  of  the  metal  as  regards  running  power,  ten- 
dency to  chill,  shrinkage,  suitability  for  machining,  &c. 

Running  Power. — This  is  determined  in  a  manner 
suitable  for  the  castings  being  made.  It  is  obvious  that 
in  this  respect  the  same  test  would  not  be  suitable  for 
rain  gutters  and  for  heavy  machinery  castings.  Inci- 
dentally several  other  observations  may  be  made. 

The  fluidity  of  iron  and  the  readiness  with  which  it 
fills  the  mould  depends  on  its  composition,  temperature, 
the  temperature  of  the  mould,  and  other  conditions,  such 
as  dampness,  &c.,  which  influence  the  rate  of  cooling. 
Silicon,  manganese,  and  phosphorus  exert  a  very  great 
influence,  as  has  been  previously  noted,  and  speaking 
generally  light  work  of  the  thinnest  kind  is  run  with 
metal  containing  these  elements  in  considerable  quantity. 
Mixtures  for  heavier  work  need  not  contain  so  much. 
But  apart  from  the  composition,  temperature  has  also 
much  to  do  with  the  fluidity.  Irons  of  different  com- 
position are  differently  affected.  Broadly  speaking, 
mixtures  containing  least  silicon  and  phosphorus  and 
most  combined  carbon  require  heating  more  strongly  in 
order  to  secure  fluidity  and  to  maintain  it  during  the 
running  of  the  casting.  The  best  temperature  for  pouring 
is  that  at  which  the  metal  contains  such  an  excess  of  heat 
over  that  required  to  maintain  it  perfectly  fluid  as  would 
be  lost  in  the  filling  of  the  mould.  This  will  vary  with 
the  temperature  and  dampness  of  the  mould  and  the 
extent  of  the  contact  of  the  metal  with  the  mould  sides. 
Thin  castings  will  provide  a  relatively  larger  area  of 
cooling  surface  than  heavy  ones,  and  the  metal  must 
consequently  be  hotter.  Moreover,  the  fact  that  in 
many  cases  the  metal  which  first  enters  the  mould  will  be 
affected  to  a  much  greater  extent  than  that  which  enters 
later  must  be  borne  in  mind.  This  is  especially  necessary 
in  cases  where  the  metal  may  have  to  flow  in  two  opposite 
directions  and  the  streams  meet.  If  the  metal  at  the 
front  of  the  flow  is  chilled  the  ends  will  not  unite  properly, 
and  a  weak  place  or  even  an  incomplete  casting  may 
result. 

The  best  temperature  for  any  particular  work  can 
only  be  decided  by  special  tests,  bearing  in  mind  that  all 
excessive  heat  has  a  tendency  to  injure  the  mould  either 
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by  sand  burning  or  the  production  of  scabs  and  a  dirty 
casting.  This  is  more  noticeable  in  green-sand  than  in 
dry-sand  moulds.  Suitable  instruments  for  determining 
the  temperature  of  the  metal  will  be  referred  to  later 
when  dealing  with  cupola  management.  In  most  cases 
the  eye  is  relied  upon,  but  the  likelihood  of  misjudging 
the  temperature  is  very  great,  especially  in  different  lights. 
Metal  on  a  bright  day  is  often  poured  much  hotter  than 
on  a  dull  day. 

In  applying  fluidity  tests  the  nature  of  the  work 
must  be  remembered.  For  some  light  work  the  metal 
cannot  be  too  hot,  so  that  if  the  metal  passes  the  fluidity 
test  it  may  be  used  at  once.  For  heavy  work,  however,  the 
metal  must  only  be  so  hot  as  to  run  well,  and  if  too  hot 
must,  to  secure  the  best  result,  wait  until  a  proper 
temperature  is  attained. 

That  the  metal  from  the  cupola  is  hotter  after  the 
cupola  has  been  blowing  some  time  scarcely  needs  men- 
tioning, and  the  value  of  a  receiver  of  some  kind  in  which 
the  molten  metal  can  mix,  so  that  successive  portions 
have  approximately  the  same  temperature  and  character, 
will,  in  cases  where  a  large  number  of  comparatively  light 
castings  of  the  same  class  have  to  be  made,  be  readily 
perceived. 

Running  tests  vary  with  the  character  of  the  castings. 
For  light  work  difficult  to  run,  thin  metal  strips  are  cast. 
Mr.  Keep  used  a  strip  lin.  by  y^m.  by  12in.  For 
malleable  castings  a  strip  12in.  by  Jin.  by  1  Jin.  is  suitable. 
The  moulds  are  made  in  green  sand.  The  length  and 
thickness  of  the  strip  requisite  for  any  purpose  can  be 
easily  determined.  It  should  be  thinner  and  longer  than 
the  greatest  distance  from  the  gate  (git)  in  the  actual 
castings. 

The  comparison  of  fluidity  of  various  brands  of  iron 
may  be  made  if  all  are  poured  at  the  same  temperature, 
as  determined  by  a  pyrometer,  and  the  strip  employed 
is  longer  than  any  of  them  will  fill,  the  length  actually 
filled  being  an  index  of  the  fluidity.  It  must  be  remem- 
bered, however,  that  an  iron  which  compares  unfavourably 
at  a  low  temperature  may  become  very  fluid  at  a  high 
temperature,  and  such  comparisons  should  be  made  at 
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the  highest  temperature  it  is  possible  to  use  for  the  work 
in  hand. 

Running  tests  for  heavier  castings  take  another  form. 
The  probability  of  "  cold  shorts  "  is  not  the  only  con- 
sideration. It  is  equally  important  that  sponginess  and 
sunk  places  should  be  avoided. 

Two  suitable  forms  of  test  piece  are  shown  in  Figs.  26 
and  27  They  should  be  moulded  in  green  sand  and 
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FIGS.  20  AND  ^7.— FORMS  OF  TEST  PIECE.    RUNNING  TESTS 

run  from  the  points  A  and  B  respectively.  After  solidifi- 
cation examination  of  the  castings  will  show  exactly 
what  to  expect  in  the  behaviour  of  the  metal.  These 
test  pieces  may  be  used  to  compare  different  brands  and 
mixtures  of  iron  for  soundness  and  solidity.  The  sizes 
may  be  varied  to  suit  circumstances. 
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Many  expensive  failures  might  be  avoided  if  running 
tests  were  more  commonly  adopted  and  less  reliance  placed 
on  the  appearance  of  the  metal. 

Density. — The  specific  gravity  of  a  sample  casting  is 
some  indication  of  its  texture  and  of  its  soundness  and 
freedom  from  porosity.  For  the  latter  it  is  a  far  better 
guide  than  mere  inspection,  even  of  a  fractured  surface. 

The  determination  of  the  specific  gravity  of  the 
casting  may  be  made  in  the  ordinary  manner  by  weighing 
in  air  and  afterwards  in  suspension  in  water.  The  weight 
in  air  divided  by  the  difference  in  the  two  weights 
giving  the  specific  gravity. 

For  the  metal  itself  turnings  should  be  employed, 
and  the  determination  made  in  a  specific  gravity  bottle, 
or  by  means  of  Schumann's  apparatus.  The  latter 
consists  of  a  glass  flask  of  100  to  150  cubic  centimetres 
capacity  with  a  short  neck.  Instead  of  a  stopper  the 
flask  is  provided  with  a  tube  40  cubic  centimetres 
capacity  graduated  in  one -tenths  of  a  cubic  centimetre,  the 
lower  end  being  ground  into  the  neck  of  the  flask.  The 
zero  mark  is  near  the  bottom  of  the  tube.  The  vessel  is 
filled  to  the  zero  mark  with  turpentine  and  the  iron 
borings  are  introduced  to  the  flask  down  a  funnel  with  a 
short  wide  stem.  The  rise  of  the  liquid  in  the  stem  gives 
practically  (in  grammes)  the  weight  of  water*  displaced 
by  the  weight  of  iron  borings  taken.  The  weight  of 
metal  used  must  be  divided  by  the  difference  between 
that  weight  and  the  volume  of  liquid  displaced  by  the 
metal.  Five  grammes  is  a  convenient  quantity  to 
take,  and  if  the  tube  be  kept  loosely  corked  to  prevent 
evaporation  a  number  of  tests  may  be  made  without 
recharging  the  apparatus,  as  the  presence  of  one  sample 
does  not  interfere  with  others.  Care  must  be  taken  to 
see  that  air  bubbles  are  not  carried  down  by  the  metal. 

If  free  from  blowholes  the  casting  and  the  turnings 
should  have  practically  the  same  specific  gravity. 
Metals  having  a  low  specific  gravity  are,  if  sound,  open- 
grained  and  soft  and  probably  porous.  As  the  specific 
gravity  rises  the  metal  becomes  closer,  harder,  and 
ultimately  brittle.  Metal  having  a  lower  specific  gravity 
than  7 '  4  to  7*5  will  not  stand  the  severest  hydraulic  tests. 

*  1  cubic  centimetre  of  water  at  4°  C.  =  1  gramme. 
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Grain. — In  making  an  examination  of  the  size  of  grain 
presented  by  a  casting  attention  should  be  directed  as 
much  to  the  internal  structure  as  to  the  size  of  the  flakes 
and  granules.  Many  castings,  when  the  fracture  is 
closely  examined  with  a  magnifying  glass,  can  be  seen  to 
consist  of  more  than  one  constituent.  Often  it  is  found 
to  consist  of  a  sort  of  spongy  skeleton  the  pores  of  which 
are  filled  with  a  different  material.  Unless  due  attention 
is  paid  to  such  differences,  wrong  conclusions  as  to  its 
density  and  toughness  may  be  arrived  at.  Such  castings, 
if  grey,  do  not  possess  either  the  softness,  closeness,  or 
toughness  of  a  material  of  a  generally  similar  appearance 
but  of  uniform  character  throughout.  Much  better 
information  is  obtained  by  the  microscopic  examination 
of  a  properly -prepared  surface,  in  which  such  differences 
appear  more  strongly  marked. 

Shrinkage. — The  amount  of  the  allowance  for  shrink- 
age that  must  be  made  in  the  size  of  a  casting,  and  the 
extent  to  which  the  metal  used  for  making  it  contracts, 
are  points  to  which  the  closest  attention  must  be  paid. 
This  is  necessary  (1)  to  obtain  castings  of  the  required 
dimensions,  (2)  to  insure  freedom  from  sponginess, 
draws,  curved  and  in  some  cases  broken  castings,  (3) 
to  reduce  internal  stresses  in  a  casting  to  the  smallest 
amount  possible,  and  (4)  to  enable  castings  which  have 
to  be  machined  to  be  made  as  nearly  as  possible  the 
correct  size  and  thus  reduce  the  cost  of  machining. 

The  allowance  necessary  varies  with  the  form  of  the 
casting  and  the  nature  of  the  metal  used.  Speaking 
generally,  the  contraction  is  greater  in  the  direction  of 
the  length  and  breadth  than  in  the  depth  and  thickness 
of  a  casting,  while  the  shrinkage  of  heavy  parts  which 
cool  slowly  is  less  than  those  which  are  lighter  and  cool 
more  rapidly.  (See  also  page  221.) 

The  actual  contraction  in  an  isolated  test  piece  and 
in  a  casting  run  from  the  same  metal  is  seldom  identical, 
but  tests  carried  out  on  a  standard  plan  and  compared 
with  results  obtained  in  practice  give  all  the  information 
necessary  to  enable  a  proper  allowance  to  be  made. 
The  practice  is  commonly  followed  by  pattern  makers  of 
using  the  same  contraction  rule  for  all  patterns  and 
allowing  the  same  contraction  on  all  parts  of  the  pattern. 
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This  sometimes  greatly  increases  the  labour  in  fitting  and 
machining  the  castings,  especially,  for  example,  in  the 
case  of  chilled  rolls  where  the  removal  of  a  small  extra 
thickness  on  the  lower  end  or  if  the  wobbler  is  too  big 
the  chipping  down  to  size  so  as  to  fit  the  wobbler  box 
makes  the  cost  of  labour  so  much  greater.  In  many 
cases  the  straining  of  the  mould  is  the  cause  of  this 
increase  in  size,  the  lower  end,  where  the  pressure  is 
greatest,  suffering  to  the  greatest  extent.  This  is  often 
rectified  in  deep  moulds  by  giving  greater  taper  to  the 
pattern  or  to  the  sweeping  board  as  the  case  may  be. 
Different  results  are  obtained  from  moulds  made  of 
different  materials,  depending  on  the  rigidity.  This 
question  will  be  again  referred  to  in  a  subsequent  chapter. 

The  temperature  of  pouring  has  some  influence  on 
the  shrinkage.  This  arises  from  the  excessive  heat  in  the 
metal  heating  the  mould  to  a  greater  extent  and  thus 
retarding  the  cooling  effect  similar  to  that  of  increased 
mass  of  the  casting.  The  allowance  made  on  an  ordinary 
pattern  maker's  contraction  rule  is  T^in.  to  the  foot. 
This  is  fairly  satisfactory  for  medium  ordinary  castings. 

The  actual  shrinkage  on  test  bars  made  in  iron  con- 
taining only  a  small  amount  of  sulphur*  with  varying 
silicon  being  as  follows  (from  papers  by  W.  J.  Keep). 


Contraction  per  Foot.—  Size  of  Bar. 

Percen- 

Silicon. 

iin.  x  Jin. 

lin. 

2in.  x  lin. 

•2in.  X  -Jin. 

Sin.  x  Sin. 

4in.  x  4in. 

1 

0-183 

0-158 

0-146 

0-13 

0-113 

0-102 

1-5 

0171 

0-145 

0-133 

0-117 

0-098 

0-087 

2-0 

0-159 

0-133 

0-121 

0-104 

0-085 

0-074 

2-5 

0-147 

0-121 

0-108 

0-091 

0-073 

0-060 

3-0 

0-135 

0-108 

0-095 

0-077 

0-059 

0-045 

3-5 

0-123 

0-095 

0-080 

0-065 

0-046 

0-032 

The  regularity  of  variation  here  shown  is  not  likely  to 
be  met  with  in  as  distinctly  marked  a  manner  in  practice. 

As  already  pointed  out,  so  many  minor  circum- 
stances affect  shrinkage  that  good  results  can  only  be 
obtained  by  means  of  a  large  number  of  tests.  The 
figures  do  however  serve  to  indicate  the  general  relation- 

*  Less  than  0*1  per  cent. 


72 


TESTING    CAST   IRON. 


ships  between  size  of  casting  and  silicon  contents  and 
the  shrinkage.  Obviously,  by  varying  the  quality  of 
the  metal  sections  of  varying  size  would  conform  to  the 
contraction  allowed.  This  is,  however,  often  quite 
impossible,  either  from  variation  in  thickness  in  the 
casting  itself  or  for  other  reasons. 

By  varying  the  allowance,  however,  a  better  result 
may  be  obtained,  a  good  average  being  |in.  on  very 
light  castings  and  TVn-  on  heavy  ones.  Very  heavy 
massive  castings  need  little  allowance.  The  tendency  of 
castings  to  fracture  while  cooling  will  be  treated  in  a  later 
chapter. 

Effects  of  Sulphur  (West). 


Sulphur. 

Silicon. 

Total 
Contraction. 

Size  of  Bar. 

0-031 

1-17 

0-51 

1   xl|x48 

0-036 

1-17 

0-65 

do. 

0-028 

0-97 

0-39 

do. 

0-275 

0-97 

0-62 

do. 

0-032 

0-94 

0-41 

do. 

0-268 

0-94 

0-49 

do. 

0-025 

1-68 

0-39 

do. 

0-368 

1-68 

0-53 

do. 

0-051 

1-10 

0-53 

do. 

0-022 

1-02 

0-35 

Iix2    x48 

0-022 

1-02 

0-47 

1    xljx48 

0-018 

1-18 

0-30 

2    x2Jx48 

0-018 

1-18 

0-45 

1    xljx48 

Taking  into  account  the  possibility  of  sulphur  being 
taken  up  in  the  cupola  the  above  table  emphasizes  the 
difficulty  of  exactly  gauging  the  contraction. 

Methods  of  Measuring  Contraction. — Despite  the  attendant 
difficulties,  very  valuable  information,  especially  as  to 
the  effects  produced  by  substituting  other  brands  of  iron 
and  otherwise  altering  the  mixture,  can  be  obtained 
from  a  contraction  test. 

A  bar  or  casting  of  definite  dimensions  is  made 
and,  after  cooling,  accurately  measured.  Various  ways  of 
carrying  this  out  are  adopted. 
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The  bars  may  be  cast  of  any  standard  size,  length, 
and  sectional  area,  the  ends  being  chilled  to  ensure 
parallel  flat  surfaces  for  measurement. 

Fig.  28  is  a  frame  for  casting  contraction  bars  :  The 
frame  A  is  exactly  lin.  thick  and  is  made  of  cast  iron.  It 
is  exactly  1ft.  long  inside.  B  B  are  the  pattern  bars,  which 
are  removed  after  the  pattern  has  been  rammed  up,  leaving 
the  frame  A  in  the  mould.  The  frame  is  placed  on  a 
turn-over  board  and  rammed  up  in  the  drag  in  the  most 
careful  manner  possible,  using  good  well-tempered  sand 
without  coal  dust,  by  a  good  bench  moulder,  whose 
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FIG.  28.— FRAME  FOR  CASTING  CONTRACTION  BARS. 

instructions  must  be  very  exact.  Prior  to  ramming  up  the 
mould  the  pattern  bars  are  removed  from  the  frame  and 
the  surfaces  with  which  they  come  into  contact  carefully 
wiped  with  a  somewhat  oily  rag  (paraffin  should  be  used). 
This  must  be  insisted  on,  both  before  use  and  before 
putting  away  the  frame  after  use.  In  this  way  the 
frame  may  be  made  to  serve  a  long  time. 

They  are  gated  from  the  middle.  Fig.  29  shows  the 
bars  after  removal  from  the  mould.  The  patterns 
must  be  drawn  without  rapping.  No  sleeking  or  blacking 
or  other  fettling  of  the  mould  is  allowed.  Any  sand  that 
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may  have  got  down  between  the  ends  of  the  bars  and  the 
frame  may  be  removed  with  a  cleaner.  The  mould  is 
vented,  closed,  weighted,  and  poured  in  an  ordinary 
manner. 

Keep's  Method  of  Casting  Test  Bars. — Instead  of  bars,  lin. 
square,  Mr.  W.  J.  Keep  prefers  to  use  small  bars  of  Jin. 
section,  and  usually  casts  a  running  strip  12in.  by  lin.  by 
yLin.  in  the  same  mould.  He  prefers  the  smaller- 
sized  bars  because  (1)  he  finds  it  easier  to  make  the  test 
bars,  which  are  used  for  other  purposes,  exactly  to  size  ; 
(2)  the  bars  occupy  less  space  for  storage  ;  and  (3)  it  is 
sometimes  necessary  to  test  a  small  quantity  of  iron. 


FIG.  29.— BARS  AFTER  CASTING. 

Previous  references  to  the  effects  of  variation  in  size  must 
not  be  overlooked,  and  the  smallness  of  the  bar  will  pro- 
duce a  much  greater  effect  in  dealing  with  some  qualities 
of  iron  than  with  others.  See  influence  of  silicon  man- 
ganese and  sulphur  on  iron.  Mr.  Keep  argues  that  larger 
test  bars  are  not  so  sensitive  to  slight  variations  in  com- 
position as  the  small  ones,  owing  to  the  slowness  with 
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FIG.  30.— KEEP'S  TEST  BAR. 

which  they  cool.  Exactly  so.  The  larger  bar  is  more 
likely  to  furnish  results  more  nearly  comparable  with  those 
obtained  in  the  foundry.  These  tests  can  never  indicate 
approximately  the  chemical  composition  of  the  iron, 
although  for  a  single  element  the  variation  in  contraction 
may  follow  the  variation  of  the  element.  For  laboratory 
purposes  and  for  comparing  irons,  however,  small  bars 
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are  satisfactory,  and,  as  Mr.  Keep  says,  a  larger  number 
of  bars  can  be  tested  and  a  better  average  obtained.  The 
bars  are  cast  from  bronze  patterns  made  from  an  original 
standard  to  insure  uniformity.  The  set  consists  of  an 
iron  follow  board  with  gated  patterns  of  a  square  and  a 
flat  bar  and  four  pairs  of  iron  yokes  of  special  design  for 
chilling  the  ends  of  the  bars  in  order  to  obtain  flat 
parallel  surfaces.  The  chilling  surfaces  of  the  yokes  are 
12 Jin.  apart.  Figs.  30  and  31  show  the  yokes,  pattern, 
and  follow  board.  Well-fitting  flasks  must  be  used  to 
insure  exactness  of  size  as  these  bars  are  used  subse- 
quently for  determining  the  transverse  strength.  It  will 
be  observed  that  the  square  bars  are  moulded  so  that  the 
joint  comes  at  the  angles. 


FIG.  31.— YOKE  AND  PATTERN.    KEEP'S  TEST  BAR. 

The  mould  is  made  of  fine,  close,  green  sand  without 
coal  dust,  a  little  drier  than  usual.  The  chilling  surfaces 
of  the  yokes  are  slightly  oiled  with  paraffin.  This,  as 
before  noted,  is  important.  The  mould  must  be  well 
rammed  and  the  patterns  removed  without  rapping,  so  as 
not  to  alter  the  size  of  the  bars.  The  test  bars  are  run 
without  blacking  of  cleaning  up  the  mould.  Any 
numbering  of  the  bars  may  be  done  with  a  sharp  point 
at  one  end  of  the  bar.  Any  sand  that  may  have  got 
between  the  ends  of  the  patterns  and  the  chills  must  be 
removed  with  a  cleaner.  The  flasks  are  weighted  and 
poured  in  the  usual  manner,  special  care  always  being 
taken  to  insure  a  good  result. 

Attention  has  before  been  called  to  the  variation  in 
the  quality  of  the  metal  at  different  parts  of  the  heat. 
If  testing  from  or  working  from  a  cupola  samples  should 
be  taken  at  intervals  to  insure  an  average  result.  At 
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the  beginning,  the  metal  will  be  harder  and  the  shrinkage 
greater  owing  to  the  metal  not  being  hot  enough  and 
the  graphite  in  the  pig  not  being  dissolved  during  the 
melting.  As  the  heat  proceeds  and  the  metal  becomes 
hotter  this  difficulty  is  overcome  and  softer  metal  which 
shrinks  less  is  obtained.  The  advantage  of  a  receiver 
where  all  the  castings  are  comparatively  small  and  are 
of  the  same  character  will  be  appreciated. 

Measuring  Shrinkage.— Fig.  32  shows  a  vernier  calliper  for 
measuring  the  length  of  the  bars  after  removal  from  the 
mould  and  cooling. 


FIG.  32.— MICROMETER  CALLIPKH. 

These  callipers  are  graduated  on  the  front  to  read,  by  means  of  a  vernier, 
to  thousandths  of  an  inch.  They  are  graduate;!  on  the  back  to  64ths  of  an 
inch.  They  are  also  furnished  graduated  on  one  side  to  read  to  j^th  of  a 
millimetre  and  to  '001  of  an  inch  on  the  other. 

Fig.  33  shows  another  method.     The  frame  consists  of 

A,  a  gun-metal  base  17in.  long,  2'75in.  wide,  and  0'75in. 
thick.     A  block  B  measuring  2in.  by  lin.  by  0'5in.  is 
fixed  0'75in.    from  the  lower  end  and  fixed  by  a  screw 
and  pins  as  shown.     On  the  inner  side  is   a   semi-cylin- 
drical depression  of  0'15in.  radius.     The  block  C  at  the 
upper  end  is  fixed  0'75in.  from  the  end,  while  D  slides  in 
the  guide  shown  and  has  a  semi-cylindrical  depression  like 

B.  The  upper  end  of  D  is  shaped  to  the  same  angle  as 
the  wedge  F.     This  wedge  is   5  •  Sin.  long,  0  •  48in.  wide 
at  the  wider  and  Op  16in.  at  the  narrower  end,  and  0*  5in. 
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thick.  The  surface  is  divided  so  that  each  division  is 
equal  to  y^oin.  The  zero  mark  is  at  the  thin  end.  It 
could,  of  course,  be  provided  with  vernier  and  micrometer 
movement,  but  for  the  purpose,  and  bearing  in  mind  the 
limitations  already  pointed  out,  this  is  unnecessary.  The 
position  of  the  fixed  blocks  is  adjusted,  so  that  at  the 
zero  mark  on  the  scale  the  surfaces  in  contact  with  the 
bars  are  exactly  12in.  apart. 

Keep's  Method  of  Measurement. — The  bars  cast  as 
shown  in  Fig.  31  are  placed  on  a  measuring  table,  Fig.  34, 
which  resembles  the  follow  board,  but  has  holes  through 
at  each  end  of  the  bars.  The  bars  and  the  yokes  from 
which  they  were  cast  are  placed  in  the  positions  they 
occupied  in  the  mould. 

f 

s. 


FIG.  33.— FRAME  FOR  MEASURING  CONTRACTION. 

The  shrinkage  is  measured  by  graduated  steel  wedges 
W  (Fig.  34),  each  division  of  which  equals  yJ^in.  Three 
wedges  are  provided,  one  in  which  the  thickness  varies 
from  Tft§nin.  to  ^y^in.,  a  second  3$gtfm.  to  ffifo™->  and 

(•05      to    0-1)  (0-1         to    0-2) 

a  third  from  £p&in.  to  f^fem- 

(0-2        to    0-3) 

The  end*[of  the  bar  is  pressed  against  the  yoke 
and  the"  wedge  allowed  to  go  down  between  the  end  of 
the  bar  and  the  yoke  as  far  as  it  will  by  its  own  weight 
and  the  reading  taken.  For  the  purpose  of  securing 
greater  accuracy  each  end  of  the  bar  is  tested  in  turn, 
and  the  side  nearest  the  gate  and  nearest  the  yoke 
separately/  making  four  readings  in  all  for  each  bar. 
The  thin  bar  is  also  tested  in  the  same  way.  The  average 
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of  the  results  from  the  square  bar  are  taken  as  the 
shrinkage,  and  the  thin  bar  is  examined  to  see  if  any 
special  features  are  exhibited  by  the  iron  in  moulds  of 
different  thickness. 

Mr.  Keep  claims  that  measurement  in  the  original 
yokes  is  more  satisfactory  than  in  a  separate  instrument. 
The  readings  are  not,  however,  as  easily  or  as  accurately 
made. 

Shrinkage  results  obtained  by  this  method  :  Grey  cast 
iron  (lowest  result),  0-105;  stove  grate  castings  give 
0- 120—0- 130  (silicon  2-  75  approximately);  0- 150—0- 175 


W 


FIG.  31. — TARLE  FOR  MEASURING  SHRINKAGE. 

in  irons  having  1  •  5  to  2  •  0  of  silicon  used  for   engineering 
castings. 

Testing  for  Chill. — The  differences  between  white  and  grey 
cast  iron  and  the  causes  that  produce  them  have  already 
been  referred  to.  In  the  making  of  ordinary  castings,  it 
is  generally  necessary  to  avoid  as  far  as  possible  the 
whitening  and  hardening  of  the  metal  at  the  surface  of 
the  casting,  and  as  some  mixtures  are  far  more  liable  to 
chill  under  ordinary  foundry  conditions  than  others  are, 
it  is  of  great  service  to  make  such  tests  as  may  be  necessary 
and  avoid  it.  Few  irregularities  in  castings  cause  more 
heartburning  in  the  machine  shop  than  a  run  of  castings 
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whose  surfaces  are  so  hard  that  the  tools  will  not  attack 
them  while  the  cost  of  machining  such  castings  is  much 
increased.  Tests  carried  out  on  a  standard  plan  may 
also  serve  to  furnish  other  information  concerning  the 
metal. 

Fig.  35  is  a  form  of  test  piece  specially  suited  to  this 
purpose.  The  long  side  is  cast  in  contact  with  the  iron 
chill  A,  which  is  an  inch  thick  and  prepared  in  the  usual 


Fi«.  35.— BLOCK  FOR  TESTING  CHILL. 

way.  The  softest  foundry  mixtures,  containing  between 
2-5  and  3-5  per  cent,  silicon  and  up  to  1  per  cent,  of 
phosphorus,  should  not  show  more  than  yjom-  cniU- 
Irons  chilling  more  than  ^yin.  are  liable  to  increase 
machining  costs.  Irons  containing  a  large  proportion  of 
silicon,  over  4  per  cent.,  show  surface  chill,  and  with  more 
become  hard.  Irons  of  a  closer  nature  used  for^ordinary 
work,  chill  to  depths  varying  from  j^in.  to  Jin.,  while 
close  irons  chill  much  more  deeply .^The  importance  of 
the  casting  temperature  in  making  these  tests  needs  no 
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emphasis.  The  depth  of  the  chill  can  be  determined 
either  by  drilling  or  by  breaking  the  thin  end  of  the  test 
piece,  and  an  examination  of  the  part  marked  B  should 
be  made  to  see  whether  a  hollow  place  has  been  formed. 
A  few  trials  made  on  the  mixtures  used  in  the  foundry 
will  show  what  points  it  is  necessary  to  observe. 

Mr.  W.  H.  Pretty,  in  a  paper  read  before  the  Manchester 
Association  of  Engineers,  December,  1904,  gave  particulars 
of  the  chilling  test  used  by  him  to  examine  the  quality  of 
the  metal  while  standing  in  the  ladle.  The  mould, 
Fig.  36,  measures  9in.  by  2in.  at  the  top  and  Sin.  by  lin. 
at  the  bottom,  and  is  2in.  deep,  inside  measurement. 
The  sides  of  the  mould  are  lin.  thick  throughout.  The 
slabs  so  cast  are  broken,  and  the  moulder  soon  learns 
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FIG.  36.— MOULD  FOR  CHILI/.TESTING. 


to  recognise  characteristic  chills  indicating  the  metal 
suitable  for  his  work.  Abnormal  conditions  of  melting 
are  also  easily  recognised  and  corrected,  while  the  fracture 
forms  the  basis  upon  which  alterations  in  the  mixture  of 
metal  employed  are  made. 

If  the  chill  is  too  deep,  some  "  softener,"  or  more  grey 
soft  iron,  is  employed,  and  if  insufficient,  more  white  or 
other  hard  iron  is  used  in  the  mixture. 

Keep's  Test. — The  chilling  qualities  of  the  metal  are 
determined  in  Keep's  test  by  breaking  off  the  end  of  the 
test  piece  as  shown  in  Fig.  37. 

The  test  bar  is  laid  on  an  iron  block  and  the 
corner  removed  by  smartly  striking  a  cold  chisel, 
the  point  of  which  is  laid  on  the  bar  just  beyond 
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the  portion  chilled  by  contact  with  the  yoke.  Care- 
ful observation  is  made  of  where  the  chill  ends  and  the 
depth  accurately  measured.  Iron  suitable  for  very  light 
work  exhibits  only  a  thin  skin  scarcely  measurable.  Mix- 
tures used  for  stove  grate  and  light  flat  castings  chill 
up  to  0'2in.,  while  in  irons  for  heavy  castings  the  depth 
may  be  Jin. 

Hardness. — Probably  no  factor  looms  more  largely  in 
the  eyes  of  the  machine  shop  manager,  since  he  can 
reject  faulty  castings,  than  the  hardness  of  the  castings 
delivered  to  him  from  the  foundry. 

Anything  that  is  sufficiently  strong  is  good  enough 
for  rough  castings  that  do  not  require  machining,  but  for 
steam  and  gas-engine  cylinders  and  the  working  surfaces 
of  machine  tools  which  have  to  be  machined,  and  while 
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FIG.  37.— KEEP'S  TEST  FOR  CHILLING. 

in  use  to  resist  wear,  the  hardness  of  the  metal  in  connection 
with  other  properties  is  of  great  importance. 

The  possibilities  in  the  rapid  machining  of  metal 
resulting  from  the  introduction  of  the  many  well-known 
forms  of  "  high-speed  steels,"  and  the  consequent  lowering 
of  the  cost  of  production,  have  made  attention  to  this 
matter  an  absolute  necessity.  The  difference  between 
a  cutting  speed  of  30ft.  to  35ft.  per  minute  and  200ft.  to 
220ft.  needs  no  comment. 

It  must  also  be  borne  in  mind  that  the  rapidity  with 
which  castings  of  the  same  general  character  can  be 
machined  is  determined  by  the  hardest  material  used, 
and  any  tool  designed  for  a  special  purpose  can  be  set 
only  to  work  at  the  rate  determined  by  the  hardest  of 
the  castings  with  which  it  is  called  upon  to  deal,  and  all 

Fi 
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feeds  and  speeds  must  be  calculated  on  that  basis.  So 
that  if  castings  run  hard  and  soft  no  advantage  can  be 
derived  from  the  softer  castings,  although  they  may  be 
quite  hard  enough  for  the  purpose,  since  it  is  not  prac- 
ticable to  be  continually  altering  the  adjustments  of  the 
machines.  Further,  it  is  impossible  to  get  the  speeds  out 
of  tools  which  they  are  advertised  to  attain  unless  the 
material  is  suitable.  The  difference  in  the  facility  with 
which  different  irons  can  be  machined  is  shown  by  Mr. 
Pretty  in  the  paper  before  referred  to.  He  refers  to  a 
machine  specified  to  run  up  to  200ft.  per  minute,  which 
on  the  iron  they  were  employing  could  not  attain  more 
than  about  35ft.,  and  states  that  certain  material  which 


FIG.  38.— TURNER'S  SCLEROMETER. 

was  quite  incapable  of  withstanding  the  required  tests 
could  be  dealt  with  at  the  higher  speed.  He  incidentally 
raises  the  question,  "  What  is  cast  iron  ?  "  but  the  com- 
position of  the  metal  referred  to  is  not  given. 

It  must  not,  however,  be  forgotten  that  the  rate  of 
machining  is  not  dependent  on  the  hardness  alone. 
Tenacity  and  toughness  are  both  very  largely  responsible. 
Apart  from  cutting  speeds,  the  resistance  to  wear  by 
grinding,  and  in  fact  the  rapidity  with  which  that 
operation  can  be  carried  out,  are  also  dependent  on  these 
factors,  as  well  as  hardness.  It  becomes,  therefore, 
difficult  to  specify  exactly  the  meaning  of  the  term 
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hardness  in  such  a  manner  as  would  cover  all  notions 
entertained  of  this  property. 

Simple  resistance  to  rupture  of  the  smooth  surface  by 
scratching  with  a  sharp  point  is  the  original  mineralogical 
idea,  and  a  number  of  selected  minerals  are  arranged 
so  as  to  constitute  a  scale  of  hardness.  They  are  (1) 
talc,  (2)  gypsum,  (3)  calcite,  (4)  fluor,  (5)  apatite,  (6) 
felspar,  (7)  quartz,  (8)  topaz,  (9)  sapphire,  (10)  diamond, 
and  are  arranged  in  order  of  increasing  hardness. 
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FIG.  39.— PERCENTAGE  OF  WEIGHT  LOST.    LOAD  ox  TEST  PIECE  AND 

TIME    BEING  UNIFORM. 

There  is  often  some  difficulty  in  making  use  of  this 
hardness  scale  so  as  to  distinguish  accurately  between 
bodies  whose  hardness  is  not  very  different.  Prof. 
Turner  introduced  an  instrument  known  as  the  sclero- 
meter,  shown  in  Fig.  38,  to  obviate  this.  A  diamond 
point  at  the  end  of  a  rod  is  carried  at  the  end 
of  a  light  lever  which  is  supported  on  a  knife 
edge  as  shown,  and  exactly  counterpoised.  The 
whole  arrangement  can  be  moved  from  side  to  side  so  as 
to  draw  the  point  over  the  smooth  surface  of  the  metal  to 
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be  tested.  The  load  on  the  point  can  be  varied  as  shown 
in  the  figure,  and  the  weight  in  grams,  acting  on  the  point 
required  to  produce  a  scratch  of  standard  depth,  in- 
dicates the  hardness.  The  hardness  of  cast  iron  thus 
measured  varies  from  22  to  72. 

The  objections  to  this  method  are  the  necessity  of  obtain- 
ing a  flat  smooth  surface  to  test,  and  the  possibility  of 
variation  in  hardness  on  the  surface  and  in  the  interior, 
while  the  skill  of  the  operator  has  also  much  to  do  with 
the  result  obtained. 

Tests  of  Resistance  to  Wearing  by  Rubbing.— The  test 
pieces  employed  in  the  experiments  were  O625in.  (fin.)  in 
diameter,  and  lin.  long.  They  were  carefully  weighed 
before  and  after  the  test,  and  were  rubbed  for  equal 


FIG.  40. 

periods  of  time  on  a  hardened  steel  die  under  uniform 
pressure.  The  fault  with  such  a  test  as  a  means  of 
determining  hardness,  is  that  soft  tough  material  may 
fill  the  pores  of  the  grinding  surface  and  cause  such  a 
material  to  resist  wear  in  this  manner  longer  than  a  harder 
and  more  brittle  material  which  does  not  clog  the  surface. 
The  diagram  Fig.  39  shows  the  results  of  tests  carried  out 
by  Messrs.  Loewe,  and  expresses  the  connection  between 
the  tensile  strength  and  wearing  properties  as  determined 
in  this  manner.  It  will  be  seen  that  the  rate  of  wear 
rapidly  diminishes  as  the  tensile  strength  increases,  but 
the  difficulty  of  machining  increases  in  proportion,  though 
not  quite  so  rapidly.  Messrs.  Loewe  fixed  on  iron  having 
a  tensile  strength  of  26,000lbs.  for  machine  beds  as  having 
wearing  qualities  little  less  than  the  hardest  iron  shown, 
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while  possessing  much  superior  qualities  for  machining. 
Iron  containing  manganese  in  notable  quantity  appears  to 
behave  most  satisfactorily  in  this  respect,  giving  the 
smoothest  and  most  slippery  surfaces,  having  a  high 
tensile  strength,  great  fluidity,  and  close  texture.  It  is 
difficult  to  file,  &c.,  but  can  be  turned  and  bored  readily. 
Such  metal  containing  from  1-5  to  2  per  cent,  of  manganese 
can  be  made  useful  for  all  purposes  where  sliding  surfaces, 
such  as  steam  and  gas-engine  cylinders,  slides,  slide  valves, 
&c.,  come  into  contact. 

Drilling  Tests. — Practical  tests  for  hardness  in  the 
foundry  now  more  commonly  take  the  form  of  drilling 
tests.  Holes  of  a  standard  size  are  drilled  with  the  same 
load,  and  the  number  of  revolutions  necessary  to  drill  a 
certain  depth  is  made  a  standard  of  comparison.  This 
method  of  testing  involves  not  only  the  hardness  but  also 
the  tenacity  and  resistance  to  compressive  force.  The 
drilling  machine  can  be  fitted  so  as  to  trace  a  curve  in  which 
the  number  of  revolutions  and  the  depth  penetrated  are 
co-ordinates,  and  from  the  steepness  and  regularity  of  the 
curve  the  hardness  and  uniformity  of  the  metal  can  be 
judged.  For  shop  practice  the  results  are  compared 
with  those  obtained  from  bars  of  standard  hardness. 

Dr.  Nicholson,  at  the  Manchester  Municipal  School  of 
Technology,  used  a  plain  drilling  machine  with  a  weighted 
feed  fitted  with  an  apparatus  to  revolve  a  drum  carrying 
paper.  The  paper  drum  revolves  at  a  slow  speed.  The 
drill  spindle  presses  on  the  shorter  arm  of  a  lever  which 
carries  a  pencil  at  the  longer  end.  When  the  machine 
revolves  without  drilling  a  horizontal  line  is  traced  on  the 
paper,  and  if  the  spindle  is  depressed  without  revolving  a 
vertical  line  is  produced.  The  resultant  line  drawn  as  the 
drill  revolves  and  enters  the  metal  is  therefore  diagonal, 
and  the  angle  of  slope  will  vary  as  the  drill  feeds  more  or 
less  rapidly  per  100  revs.  In  this  way  varying  speed 
is  eliminated.  The  weight  of  the  drill  being  constant, 
the  rate  of  feed  will  depend  on  the  hardness,  &c.,  of  the 
sample.  So  long  as  the  rate  of  feed  is  uniform  the  slope 
of  the  curve  will  be  regular,  but  a  hard  place  will  be 
indicated  by  a  slower  feed  and  consequent  flattening 
of  the  curve  at  that  point.  Soft  places  will  similarly  be 
indicated  by  a  steeper  inclination.  The  hardness  is 
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determined  by  first  drilling  a  standard  test  bar  and  ob- 
taining a  diagram.  Then  the  sample  bar  to  be  tested 
is  drilled  and  afterwards  the  standard  test  bar,  obtaining 
diagrams  in  each  case. 

A  line  drawn  midway  between  the  diagonals 
of  the  parallelogram  formed  by  joining  the  ends 
of  the  curves  from  the  standard  bar  is  the 
diagram  of  comparison.  A  deviation  from  this, 
by  the  diagram  obtained  from  the  sample  tested, 
shows  whether  the  sample  is  harder  or  softer  than 
the  standard,  and  the  variation  above  or  below  the 
standard.  The  double  drilling  of  the  standard  bar  is 
necessary  to  eliminate  the  effects  of  the  dulling  of  the 
tool.  The  standard  test  bars  may  be  made  40in.  by  2in. 
by  lin.  and  are  cast  in  dry  sand.  They  are  stored  for 


FIG.  41.— PRETTY'S  MACHINING  TEST. 


use.  A  flat  drill  O32in.  diam.  may  be  used,  made  from 
a  special  tungsten  steel  and  carefully  made  and  ground. 
The  wear  is  slow  and  steady,  and  it  may  be  used  for  many 
tests  (probably  hundreds)  before  resharpening.  Fig.  40 
shows  the  nature  of  the  diagrams  obtained. 

Keep's  Drilling  Test. — The  machine  designed  by  Mr.  W. 
J.  Keep  for  making  the  drilling  test  consists  of  a  vertical 
drilling  machine  in  which  the  drill  is  set  in  the  drill 
spindle,  looking  upward,  so  as  to  enter  the  piece  from 
below.  The  piece  to  be  tested  is  clamped  to  a  table, 
the  height  of  which  can  be  adjusted  by  a  handwheel,  and 
a  weight  attached  by  rods  to  the  four  corners  of  the 
table  produces  the  necessary  pressure  on  the  drill 
point.  The  total  weight,  including  table  and  attach- 
ments, is  1501bs.  The  diagram  is  traced  by  a  pencil  on 
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a  card  placed  in  a  suitable  holder.  The  movements  of 
the  pencil  and  holder  are  effected  by  the  drill  spindle 
and  by  the  table  as  it  descends  when  the  drill  enters  the 
metal.  In  the  curves  obtained  the  vertical  distance 
gives  the  revolutions  and  the  horizontal  distance  the 
depth  of  penetration,  so  that  if  a  hard  place  be  encountered 
the  line  will  be  steeper,  while  a  soft  one  will  cause  the 
curve  to  be  flattened. 

In  all  methods  of  testing  hardness  by  drilling,  unless 
standards  are  used  for  reference,  the  angle  which  the 
curve  makes  with  the  normal  is  not  in  itself  a  satisfactory 
method  of  judging  hardness.  The  wear  on  the  drill, 


FIG.  42.— TENSILE  TEST  PIECE. 
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FIG.  43.— TENSILE  TEST  PIECE  WITH  BALL  ENDS. 

especially  when  it  encounters  a  hard  place,  and  even 
more  so  when  the  metal  is  both  hard  and  unsound,  is  so 
great  as  to  seriously  affect  its  cutting  power,  but  more 
especially  is  it  difficult  to  sharpen  and  temper  drills  to 
the  same  keenness  and  hardness,  a  condition  that  must 
be  fulfilled  if  such  results  are  to  be  comparative.  This 
applies  even  when  jigs  or  mechanical  tool  holders  are 
used  to  hold  the  drills  on  the  sharpening  machine  so  as 
to  get  the  same  cutting  angle. 

The  machining  test  used  by  W.  H.  Pretty  in  the  paper 
before  referred  to  is  shown  in  Fig.  41.  The  casting  is  made 
from  a  standard  pattern  and  machined  by  standard  tools 
made  of  special  high-speed  steel  constructed  with  special 
cutting  angles.  The  tools  are  compared  for  hardness, 
after  hardening,  so  as  to  obtain  as  far  as  possible  uniform 
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conditions  and  results.  A  standard  set  of  tools  must  in 
this  case  be  reserved  for  the  purpose  of  comparing  the 
tools  actually  used  for  the  cutting.  The  test  specimens 
have  the  following  dimensions  :  For  heavy  work,  12in. 
x  4in.  outside  measurement,  IJin.  thick  in  the  side  and 
lin.  on  the  bottom.  For  light  work  the  test  piece  is 
12in.  diam.  x  4  Jin.,  fin.  in  the  side  and  lin.  in  the 
bottom.  He  suggests  that  the  castings  be  made  in 
dry  sand  to  prevent  chilling.  Holes  drilled  in  the  back 
serve  to  hold  the  piece  on  the  boring  mill  used  for  the 
test. 

Such  tests,  and  many  refinements  on  these,  can  be 
multiplied,  and  each  user  can  vary  them  to  suit  his  own 
case.  The  power  consumption  on  tests  of  this  nature 


FIG.  44.— SKETCH  SHOWING  FORM  OF  GRIPS. 

is  difficult  to  determine,  and  on  self-governing  electrically- 
driven  machines  much  more  power  may  be  consumed, 
although  the  work  may  be  done  quite  as  rapidly. 

Tensile  Strength  of  Cast  Iron. — Castings  are  made  in  iron 
for  various  reasons.  The  controlling  factor  is  cheapness 
consistent  with  the  possession  of  other  necessary  pro- 
perties, or  in  some  small  work  the  possibility  of  imitating 
brass  and  other  metals  by  electro  depositing  those 
metals  on  its  surface.  Hence  the  idea  that  iron  is 
always  used  for  strength  only  may  be  at  once  dismissed. 

Sometimes  the  metal  is  only  required  to  "  stand  up," 
and  anything  that  can  be  cast  soundly  in  the  necessary 
form  and  rapidly  machined  is  all  that  is  required.  On 
the  other  hand,  often  the  highest  attainable  strength  is 
necessary,  and  for  engineering  purposes  much  of  the 
work  is  of  this  character. 
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Iron  castings  are  not  used  for  positions  where  metal  of 
the  highest  tensile  strength  is  required,  and  hence  the 
little  attention  paid  by  ironfounders  to  its  determination. 
It  is  nevertheless  one  of,  if  not  the  most  important 
determinations  in  testing  cast  iron.  There  is  always 
some  difficulty,  too,  in  obtaining  a  suitable  test  piece. 
Small  test  pieces  are  unsatisfactory  on  account  of  the 
errors  introduced  by  small  variations  in  the  casting 
conditions  influencing  the  character  of  the  outside  of 
the  test  bar,  so  that  some  definite  method  of  treatment 
must  be  followed.  For  finished  work  that  is  to  be  turned 
or  planed,  not  necessarily  all  over,  so  that  the  strengthening 
effect  of  the  outer  skin  is  destroyed,  test  pieces  must 
be  turned  out  of  the  solid,  while  for  work  that  is  to  be 

FIG.  45.— TENSILE  TEST  PIECE. 


FIG.  46.— CASTING  FOR  TENSILE  TEST  PIECE. 

used  as  cast,  cast  specimens  may  be  used  in  the  test. 
Round  test  pieces  are  to  be  preferred  to  square  ones,  as 
they  are  less  affected  by  casting  conditions,  and  can  be 
compared  with  turned  specimens  of  the  same  material. 
Any  tensile  result,  to  be  of  value  in  controlling  the 
working  of  the  foundry,  must  be  obtained  under  standard 
conditions,  for  while  it  is  possible  to  compare  the  results 
obtained  from  bars  of  different  sizes  and  reduce  them  to 
a  common  basis  in  any  single  foundry,  the  figures  from 
one  foundry  cannot  be  used  for  comparison  at  another 
unless  the  practice  at  the  two  places  is  exactly  alike. 
Every  foundry  should  therefore  follow  a  set  plan,  and 
test  its  irons  daily. 

The  same  marks  should  be  given  to  the  specimens 
used  in  the  various  tests  employed,  and  the  results  all 
collected  on  a  schedule  at  the  end  of  the  day,  as  soon  as  com- 
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pie  ted.  Gradually  a  mass  of  information  will  be  collected 
which  will  serve  the  very  useful  purpose  of  controlling 
both  metal  and  cupola. 

Two  forms  of  test  pieces  are  shown  in  Figs.  42  and  43. 
Fig.  42  is  a  cast  test  piece  used  without  machining.  The 
form  is  intended  to  insure  the  load  acting  along  the  axis 
of  the  specimen  and  produce  no  tendency  to  bend  it. 
A  suitable  size  is  12in.  over  all,  5in.  between  the  shoulders, 
with  holes  IJin.  in  the  flat,  enlarged  ends.  The  holes 
are  bell  shaped  on  both  sides  and  the  pieces  are  tested  on 
a  standard  plate  to  prove  alignment  before  being  broken. 
The  form  of  hole  shown  insures  a  straight  pull  when  a  lin. 
pin  is  passed  through  it.  The  machine  for  breaking  is 
provided  with  grips  of  the  form  shown  in  Fig.  44. 


METHOD  OF  GRIPPING  BARS 
WITH  BALL  ENDS. 


TEST  BAR  TURNED  WITH  A 
ROUND  SHOULDER. 


The  test  piece  is  0*564in.  diam.  in  the  middle  part. 
This  gives  an  area  of  0'25in.  The  ends  are  3 Jin.  wide 
and  lin.  thick.  With  machines  of  sufficient  power 
larger  pieces,  0- 7979m.  diam.,  with  ends  3|in.  wide  and 
lin.  thick,  should  be  used. 

Fig.  45  represents  a  turned  test  piece.  It  is  turned 
from  a  round  bar  12 Jin.  long  and  IJin.  diam.,  Fig.  46, 
cast  on  its  side  in  green  sand.  A  block  2in.  square 
receives  the  gate.  The  end  of  the  bar  further  from  the 
gate  is  used  for  the  test  piece.  It  is  shortened  to  10 Jin. 
in  length,  and  is  turned  down  in  the  central  part  to  a 
diameter  of  0'564in.  over  a  length  of  Sin.  The  ends 
are  left  untouched  over  a  length  of  lin.,  and  the  bar  is 
gradually  tapered  for  If  in. 

In  another  similar  type  of  test  piece  the  shoulders 
are  turned  spherically  inside  and  a  gripping  device  is 
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used  which  insures  the  end  of  the  test  piece  being  in 
contact  only  round  a  circle.  Other  devices  for  insuring 
directness  of  pull  are  also  used.  See  Fig.  47.  , 

The  tensile  strength  of  cast  iron  varies  greatly.  The 
breaking  strength  of  the  same  mixture  may,  in  the  case 
of  strong  iron,  vary  as  much  as  two  tons  per  square  inch, 
equal  to  nearly  20  per  cent.  The  tensile  strength  of  cast 
iron  lies  between  eight  tons  per  square  inch  in  open,  weak 
iron  and  14  tons  in  close,  strong  iron. 

Determination  of  the  Transverse  Strength  of  Cast  Iron. — This  is 
the  test  generally  carried  out  by  iron  founders.  It  con- 
sists in  supporting  a  bar  of  standard  length  and  sectional 
area,  at  points  near  the  ends,  and  loading  the  middle 
till  fracture  occurs.  During  the  test  an  observation  is 
made  of  the  extent  by  which  the  bar  bends  prior  to 
fracture.  Bars  of  varying  length  and  sectional  area  are 
employed.  In  this  country  the  bars  are  usually  3ft.  6in. 
by  2in.  by  lin.,  but  bars  1ft.  long  and  1  sq.  in.  section 
are  also  used.  Mr.  Keep  uses  bars  1ft.  long  and  J  sq.  in. 
section.  In  the  casting  of  test  bars  as  a  means  of 
keeping  control  of  the  metal  for  the  information  of  the 
foundry,  no  special  care  need  be  taken  except  that 
necessary  in  specified  tests  such  as  Keep's.  They  should 
be  cast  in  green  sand  and  run  from  the  end.  Sometimes 
the  bars  are  cast  vertically.  Casting  in  dry  sand  increases 
the  deflection  but  reduces  the  total  strength. 

For  checking  the  character  of  the  metal  used  for 
castings  made  to  specification,  the  test  bar  should  be  cast 
as  part  of  the  casting,  and  be  detached  at  the  time  of 
making  the  test.  This  is  not  always  possible.  In  any 
case  the  founder  must  select  such  a  position  for  the  test 
piece  that  it  will  fill  well  and  yet  not  serve  as  a  channel 
for  hot  metal  to  flow  along  to  supply  metal  to  some  other 
part  of  the  mould.  If  this  be  allowed,  the  effect  will  be 
to  make  the  hotter  end  of  the  bar  spongy  and  open,  and 
the  test  will  come  out  low. 

In  testing  bars  cast  in  a  horizontal  position  the  upper 
side,  which  is  likely  to  be  a  little  less  clean  and  sound, 
should  be  so  placed  as  to  be  in  compression  to  obtain 
the  best  result.  The  value  so  determined  will  probably  be 
a  truer  one  than  that  obtained  from  the  reversed  position. 
In  compression  the  irregularities  of  the  surface  and  upper 
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portion  of  the  bar  will  have  less  effect  on  the  quality  of 
the  metal  than  when  under  an  extending  force.  In  the 
latter  case  the  crinkling  and  pitting  of  the  surface 
and  the  partings  formed  by  particles  of  foreign  matter 
liable  to  be  included  in  the  casting  and  concentrated  near 
the  upper  surface,  seriously  reduce  both  the  deflection 
and  the  ultimate  strength  just  as  a  nick  in  an  iron  bar 
makes  it  easier  to  break. 

All  up-to-date  foundries  are  now  provided  with  some 
means  of  carrying  out  such  tests.      Machines  for  the 
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FIG.  50.— A  VERT'S  TESTING  MACHINE. 

purpose  are  constructed  with  the  intention  of  being 
handy  to  work  and  not  liable  to  get  out  of  order  with  the 
usual  hard  usage  to  which  it  will  probably  be  treated. 

All  machines  are  constructed  so  as  to  provide  supports 
for  the  test  bars  at  definite  distances  apart,  and  to  load 
the  centre  of  the  bar.  In  some  of  them  the  force 
acts  downwards,  and  in  others  in  an  upward  direction. 

Figs.  48  and  49  show  a  simple  testing  machine  by 
Sir  W.  H.  Bailey  &  Co.,  Ltd.,  of  Salford,  with  a  capacity 
of  40  cwt.  The  test  bar  A  is  supported  at  the  ends  in 
B  B.  The  lever  D  is  supported  at  K  and  counterpoised 
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by  the  weight  E.  G  is  a 
weight  that  can  be  made  to 
travel  along  the  lever  by  the 
milled  head  M  in  order  to  pro- 
duce the  pressure  acting  on  L 
in  an  upward  direction  neces- 
sary to  break  the  bar,  and  the 
screw  F  is  turned  by  the  hand- 
wheel  at  the  top  to  keep  the 
lever  in  a  horizontal  position  if 
the  bar  bends  during  the  test. 
The  deflection  is  registered  by 
the  scale  H. 

Fig.  50  is  a  machine  manu- 
factured by  Messrs.  W.  and  T. 
A  very. 

It  is  obvious  that  in  making 
these  tests  the  bars  must  be 
accurately  placed  and  the  load 
applied  centrally. 

Some  founders  who  do  not 
possess  such  a  machine  often 
make  tests  by  means  of  an 
ordinary  weighing  machine. 
For  this  purpose  two  stout 
eyes  are  securely  fastened  in 
the  ground,  one  on  each  side  of 
the  platform.  When  not  in  use 
they  can  be  turned  down  into 
recesses.  A  stout  cast-iron  bar 
with  a  boss  at  the  centre 
through  which  passes  a  screw 
provided  with  a  handwheel,  can 
be  placed  with  its  ends  threaded 
through  the  eyes.  The  lower 
end  of  the  screw  is  provided 
with  a  loose  piece,  the  under 
side  of  which  is  V-shaped. 

The  test  bar  is  marked 
at  the  proper  distances  apart, 
and  the  measured  length 
accurately  divided.  It  is 
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placed  with  the  end  marks  resting  on  V-blocks  on  the 
platform  and  the  middle  mark  exactly  under  the  V-end 
of  the  screw,  which  is  brought  to  bear.  On  turning 
the  handwheel  the  pressure  exerted  by  the  screw  can  be 
weighed  on  the  machine  in  the  ordinary  way,  and  the 
deflection  can  be  measured  with  a  gauge. 

Such  methods  are  clumsy,  and  where  tests  are  done 
regularly,  as  should  be  the  case,  are  not  economical. 

Keep's  testing  machine  is  designed  to  deal  with  the 
small  jin.  bars  referred  to  in  dealing  with  contraction. 
It  is  shown  in  Fig.  51,  and  is  constructed  so  as  to  trace 
a  diagram  of  the  behaviour  of  the  bar  while  under  test. 
It  differs  from  other  machines  in  the  lever  not  being 
kept  "  floating  "  as  the  stress  is  increased.  It  is  allowed 
to  go  down  with  the  bending  of  the  bar.  The  pencil  arm 
is  fastened  to  the  centre  of  the  test  bar,  and  a  sheet 
of  paper  is  placed  in  the  holder  behind  it.  The 
movement  of  the  weight  in  increasing  the  load  moves  the 
paper  holder,  and  causes  the  pencil  to  trace  a  curve, 
recording  the  deflection  at  every  point.  The  connection 
of  the  paper  holder  with  the  handle  is  made  by  means 
of  cords,  and  while  it  travels  only  one-fourth  as  fast  as 
the  weight,  the  actual  deflection  is  multiplied  five  times 
to  make  it  more  apparent  and  easily  measured, 

By  means  of  the  diagrams  Mr.  Keep  records  the 
total  deflection,  set  deflection  and  rigidity,  and  obtains 
what  he  calls  spring  lines. 

The  transverse  strength  of  cast  iron  varies  from 
20  to  40  cwt.  on  a  bar  3ft.  x  2in.  x  lin.  tested  on  edge. 
Occasionally  higher  figures  may  be  reached.  Common 
cast  iron  will  give  a  test  of  from  20  to  24  cwt.,  good, 
strong  cast  iron  from  28  to  35.  The  common  specification 
for  strong  irons  is  28  to  30  cwt. 

The  deflection  obtained  is  important  from  the  fact  that 
it  is  a  register  of  the  toughness  of  the  iron,  a  factor  often 
of  more  direct  importance  than  its  mere  resistance  to 
fracture,  if  it  be  at  the  same  time  hard  and  brittle.  It  must 
be  borne  in  mind  that  one  side  of  a  bar  is  under  a  com- 
pressive  force  and  the  other  under  an  extending  force, 
so  that  the  conditions  to  which  the  metal  is  subjected 
depend  upon  whether  it  is  above  or  below  the  middle  line, 
and  the  test  furnishes  data  indicating  the  relative  value 
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of  the  metal  for  use  in  extension  or  compression.  Irons 
of  the  best  general  quality  show  a  considerable  deflection, 
while  those  of  inferior  quality,  while  showing  the  same 
strength,  bend  little.  These  remarks  apply,  of  course,  to 
castings  only. 

The  actual  deflection  on  a  test  bar  3ft.  x  2in.  x  lin. 
will  vary  from  practically  nothing  to  0*5in..  and  is 
occasionally  greater.  Usually  with  good  metal  it  is 
between  0  •  25  and  0  •  4. 

Speaking  generally,  the  effect  of  those  chemical 
elements  that  tend  to  make  the  metal  closer  reduce 


A— Hollow  Cylinder. 
B,  C— Plungers. 
D— Test  Piece. 
FIG.  52. 


Test  Piece. 
A— Before  and 
B — After  crushing. 

FIG.  53. 


the  deflection  unless  they  at  the  same  time  increase  the 
tenacity  and  thus  enable  the  metal  to  carry  a  heavier 
load.  Conversely  those  which  tend  to  soften  the  metal 
increase  it  until  they  make  the  metal  too  open  to  carry 
the  necessary  load. 

Similarly,  bars  of  different  thickness  yield  very  different 
results  when  the  percentage  of  any  element  present  is 
systematically  increased,  due  no  doubt  to  the  alteration 
in  the  cooling  conditions  brought  about  by  the  increased 
mass.  It  is  always,  therefore,  necessary  to  specify  the 
sizes  of  the  bars, 
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It  is  possible  to  calculate  the  tensile  strength  of  cast 
iron  from  the  figures  obtained  in  the  transverse  test  with 
more  or  less  accuracy. 

If    S  =   tensile      strength      in    hundredweights    per 

square  inch, 

L  =   length  between  supports  in  inches, 
D  =    depth  in  inches, 
B  =   thickness  in  inches, 


W=  breaking  weight  in  hundredweights, 
W  x  L 


S    = 


1-155    x  B 


W  x 


x  D1 
L 


(1) 


(2) 


1-155  = 


1-155  x  B  x  & 

constant  calculated  from  considerations  re- 
lating   to    the    behaviour   of  a  rectangular 
beam  under  stress  when  loaded  transversely 
at  the  centre,  modified  for  cast  iron. 
In  the  ordinary  test  L  =  36,  B  =  1,  D  =  2. 
Substituting  these  values  in  (2), 

36 


S=  W  x 


W 


1-155 

36 
4-620 


1  x  (2f 
W  x  7-79. 


If  W  be  taken  in  pounds  or  hundredweights,  S  is  in  the 
same  term.  The  figures  obtained  in  this  way,  while  being 
fairly  comparative,  are  not  as  valuable  as  direct  tests. 

The  strength  thus  indicated  is  always  higher  than 
that  obtained  from  actual  determination  of  the  tensile 
strength;  often  considerably  so. 

It  is  better  described  as  the  tensile  coefficient  of  the 
transverse  strength.  As  will  be  seen  from  the  following 
table,  it  varies  with  the  position  of  the  bar  during  test. 


Depth. 

Breadth. 

Length  between 
Supports. 

Breaking  Load 
in  Tons. 

Coefficient  in 
Tons. 

2 

1 

36 

1-67 

13-01 

1 

1 

36 

0-36 

12-08 

1 

2 

36 

0-79 

12-31 
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It  will  be  observed  that  the  length  between  supports 
is  the  same  in  all  cases. 

Compression  Tests — The  resistance  offered  to  compres- 
sion by  cast  iron  varies  with  its  nature.  Hard  irons  are 
more  resisting  than  soft  irons.  The  test  is  carried  out 
on  short  specimens,  and  usually  the  specimens  are  made 
0'7979in.  diam.,  and  have  a  length  of  one  or  two  diameters. 
The  ends  are  made  flat  and  parallel,  and  the  pieces  are 
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FIG.  54. 

Curve  showing  compression  of  test  specimen  at  varying  loads 
and  permanent  set  produced  at  eacli  Load  on  a  piece  loin.  long. 
The  metal  was  not  tested  to  destruction.  The  curve  is  plotted 
from  tests  by  Hodgkinson. 

compressed  between  steel  dies,  Fig.  52,  by  hydraulic  or  other 
means  till  fracture  occurs.  The  pieces  break  like  Fig.  53. 
The  flatness  and  parallelism  of  the  ends  and  the  perfect 
bedding  of  the  specimens  are  important  factors  in  securing 
reliable  results.  Round  specimens  are  preferable.  The 
ratio  of  the  compressive  to  the  tensile  strength  is  about 
5  or  6  to  1,  but  the  main  difficulty  is  that  it  is  very 
uncertain  when  the  metal  will  break,  as  it  gives  no  warning. 
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Long  before  actual  frac- 
ture occurs  the  piece  may 
be  permanently  reduced 
in  length.  The  "  elastic 
limit  of  compression  "  is 
reached  when  the  surfaces 
begin  to  yield.  The  deter- 
mination of  this  yield  - 
point  is  in  practice  more 
important  than  the  actual 
total  resistance  to  com- 
pression. Good  cast  iron 
of  average  quality  will 
possess  a  crushing 
strength  of  from  50  to 
60  tons,  irons  of  moderate 
quality  from  40  to  50 
tons ;  but  with  hard 
strong  irons  sometimes 
90  tons  is  exceeded  before 
destruction  of  the  speci- 
men occurs. 

Elasticity  is  the  power 
of  the  metal  to  return 
to  its  original  volume 
and  shape  after  distor- 
tion ?  A  perfectly  elastic 
body  completely  regains 
its  form  on  the  removal 
of  the  stress. 

It  will  be  seen  from 
Fig.  54  that  the  elasticity 
of  cast  iron  is  very  low, 
and  that  a  considerable 
amount  of  permanent  set 
is  produced  by  small 
loads. 

In  Keep's  machine 
provision  is  made  for  the 
determination  of  the  per- 
manent set  as  the  test 
proceeds. 
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Impact  Tests. — Cast  iron,  in  common  with  other  metals, 
is  often  used  in  positions  where  it  will  have  to  withstand 
sudden  shock. 

Tests  of  tensile  and  transverse  strength  afford  a  very 
inadequate  idea  of  its  capability  of  withstanding  blows 
or  loads  suddenly  applied.  A  sample  may  be  able  to 
sustain  a  heavy  dead  load  and  yet  break  with  a  compara- 
tively light  blow.  This  is  due  largely  to  the  fact  that 
the  force  of  a  blow  is  concentrated  on  a  very  small  area, 
and  the  capability  of  the  iron  to  rapidly  distribute  the 
energy  through  the  mass  and  permit  of  its  absorption 
determines  its  liability  to  resist  fracture.  Blows  delivered 
by  a  sledge  are  not  satisfactory,  as  the  blows  seldom  fall 
exactly  on  the  same  spot,  and  the  force  employed  is  not 
easily  determined  :  nor  are  the  blows  equally  heavy.  The 
use  of  a  falling  weight  or  tup  used  in  a  pile  driver  or 
similar  machine  is  much  better,  and  is  used  to  test  the 
strength  of  cast-iron  car  wheels.  The  latter  method  is  not 
so  likely  to  injure  the  grain  as  blows  with  a  hammer,  and 
is  thus  more  satisfactory.  The  weight  may  be  varied 
with  the  weight  of  the  castings,  and  the  height  of  the 
drop  may  range  from  5ft.  to  15ft.,  and  the  blow  be 
delivered  directly  on  the  casting  or  fall  upon  a  steel  block, 
the  under  side  of  which  is  U-shaped,  resting  upon  the 
casting  or  test  piece.  In  the  latter  case  the  ends  are 
supported  upon  rests  at  a  fixed  distance  (1ft.)  apart.  The 
height  of  the  drop  is  gradually  increased  until  fracture 
takes  place  or  till  the  limit  of  the  machine  is  reached.  In 
case  the  test  resists  the  highest  drop,  the  number  of 
blows  necessary  to  break  it  may  be  counted. 

Keep's  testing  machine  for  small  bars  is  shown  in 
Fig.  55.  Like  the  dead  load  testing  machine  it  is  con- 
structed to  produce  a  record  of  the  test.  In  the  machine 
the  hammer  weight  is  attached  to  a  long  arm  and  is 
swung  round  on  the  arc,  arrangements  being  made  to 
retain  the  hammer  at  intervals  corresponding  with  differ- 
ences of  height  equal  to  J-in.  The  weight  is  held  by  a 
catch  released  by  a  trigger.  Pulling  back  the  weight 
moves  the  paper  holder  so  that  the  pencil  gives  a  record 
of  each  blow  independently. 

It  is  interesting  to  note  that  tumbling  test  bars  in  a 
11  rattler  "  or  tumbling  barrel,  or  hammering  all  over  the 
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FIG.  55.— KEEP'S  TESTING  MACHINE  FOR  SMALL  BARS. 
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surface  with  light  blows  has  the  effect  of  increasing  the 
resistance  to  fracture  by  impact.  It  would  appear  that 
the  vibration  set  up  has  the  effect  of  relieving  strains  in 
the  casting,  more  particularly  in  the  outer  part,  and  thus 
increasing  the  strength.  This  is  borne  out  by  the  fact 
that  there  is  a  slight  increase  in  the  volume  of  the  metal 
evidently  brought  out  by  a  rearrangement  of  the  internal 
structure. 

To  this  may  be  added  a  statement  of  the  sizes  of  bars 
used  for  transverse  and  tensile  tests,  shrinkage,  &c. 
Hardness  may  be  expressed  as  the  Le  of  the  curve. 
Under  the  heading  of  remarks  the  character  of  the  casting 
should  be  entered.  If  self-recording  machines  are 
employed  the  curves  should  be  pinned  to  the  test  sheet, 
and,  if  possible,  a  chemical  certificate  should  also  be 
added.  Records  of  this  kind  systematically  kept,  say, 
weekly,  will  furnish  a  highly  valuable  mass  of  informa- 
tion, and  enable  the  quality  of  iron  used  for  general 
purposes  or  for  special  work  to  be  maintained  at  a 
uniform  standard.  In  cases  where  the  weekly  test  shows 
any  deterioration  it  may  be  corrected  before  the  trouble 
has  gone  so  far  as  to  render  castings  worthless.  Similar 
tests  should  be  done  on  pig  iron  for  comparison,  and  any 
peculiarities  noted,  as  these  often  persist  in  the  metal 
mixture  into  which  it  enters.  This  is  most  important 
where  chemical  tests  are  neglected.  If  these  be  done 
there  is  generally  no  difficulty  in  tracing  the  cause  of  the 
peculiar  behaviour  and  dealing  with  it  accordingly. 


CHAPTER  III. 

MOULDING  MATERIALS  IN  THE  FOUNDRY. 

IN  considering  the  materials  suitable  for  making  moulds, 
attention  must  be  paid  to  the  special  conditions  to  be  ful- 
filled, the  size  and  intricacy  of  the  casting,  the  strength 
and  reliability  required,  and  the  nature  of  the  surface. 

Properties  Required  in  Material  for  Making  Moulds. — Except  in 
the  case  of  chills  for  making  castings  all  materials  em- 
ployed must  possess  certain  general  characteristics. 
These  are  :  Plasticity  (in  the  sense  of  being  able  to  take 
an  impression),  porosity,  adhesiveness,  cohesiveness, 
refractoriness,  firmness  when  heated.  It  is  further 
necessary  that  the  material  be  cheap  and  easily  manipu- 
lated. Certain  sands  and  sandy  clays  used  either  alone 
or  in  admixture  with  each  other,  and  with  other  sub- 
stances, possess  all  these  characters,  and  either  in  a  damp 
granular  state,  as  foundry  sand,  or  ground  with  water  to 
a  paste  as  loam,  are  almost  exclusively  used  for  making 
castings. 

Plasticity. — The  importance  of  this  will  be  apparent. 
The  material  must  shape  itself  to  the  form  of  the  pattern 
or  the  "  sweep  "  (strickle). 

Porosity  is  necessary  to  allow  the  gases,  air,  and  moisture 
present  in,  and  generated  in  the  mould,  to  escape  when  the 
hot  metal  enters.  This,  it  must  be  remembered,  is  neces- 
sary over  the  whole  mould  surface,  which  must  neverthe- 
less be  impervious  to  the  metal. 

Cohesion  and  firmness  are  necessary  to  allow  of  the  remo- 
val of  the  pattern  and  the  handling  of  parts  of  the 
mould,  as  well  as  to  resist  the  pressure  and  flow  of 
the  metal  when  casting.  This  property  may  alter 
greatly  when  the  material  is  heated,  and  sand  that 
works  satisfactorily  in  making  the  mould  may  produce  a 
very  sorry  casting,  in  which  the  whole  of  the  surface 
detail  is  destroyed,  owing  to  the  washing  away  of  the  sand 
by  the  flow  of  the  hot  metal  as  a  result  of  loss  of  cohesion 
on  becoming  hot, 
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Adhesion  is  often  required  so  that  the  material  may 
attach  itself  to  the  supports  employed,  flasks,  irons, 
bricks,  &c. 

Refractoriness.1— In  the  sense  of  resistance  to  fusion  by 
heat,  it  is  obvious  that  materials  to  contain  molten  iron 
must  be  capable  of  resisting  a  very  high  temperature,  for 
while  the  heat  may  not  penetrate  so  far  as  to  endanger 
the  stability  of  the  mould,  the  surface  would  become  sand- 
burnt  and  render  the  casting  difficult  to  machine. 

These  characters  are  obtained  (1)  by  the  selection  of 
natural  sands,  and  (2)  by  mixing  with  the  sand  substances 
of  a  suitable  nature  to  improve  it  in  some  special  manner 
and  fit  it  for  its  intended  purpose  ;  (3)  by  mechanical 
treatment,  such  as  grinding,  &c. 

Most  of  the  substances  employed  consist  of  loamy 
sand  of  a  red  or  yellow  colour,  or  soft,  friable  sandstone 
which  is  crushed  for  the  purpose.  Sometimes  sharp 
sand  of  light  colour  is  also  used.  These  substances 
form  a  basis  to  which  such  additions  are  made  as  may 
be  necessary. 

Constituents  of  Foundry  Sand. — New  sand,  to  distinguish  it 
from  black  "  floor"  sand  and  from  "facing  sand,"  that  is, 
the  natural  form  in  which  it  is  obtained,  consists  of  silica, 
clayey  matter,  oxide  of  iron  (hydrated),  carbonates  of  lime, 
and  magnesia,  with  mere  traces  of  other  bodies. 

Its  composition  varies — 

Silica  Si02 79  to  88  per  cent. 

Clayey  matter          ...         ...       7  to  13        ,, 

Oxide  of  iron  (ferric  oxide)  ...       2  to  4'5       ,, 
Lime...  ...    0'4  to  2'5       „ 

Magnesia      ...          ...  traces  to  I'O       ,, 

To  understand  its  character  and  the  changes  that 
occur  when  used  it  will  be  necessary  to  consider  the 
nature  of  these  substances. 

Silica  is  the  oxide  of  silicon.  In  its  pure  state  it  occurs 
as  rock  crystal  (Brazilian  pebble),  or  quartz  in  glassy  crys- 
tals, and  in  grains  in  granite  and  other  crystalline  rocks, 
as  quartz  and  quartzite  in  reefs,  and  combined  with  water 
in  flint,  agate,  and  other  forms  of  chalcedony.  Sandstones, 
firestones,  grits,  ganister,  and  most  sands  consist  prin- 
cipally of  silica  in  grains  cemented  together  or  free.  The 
most  siliceous  sands  are  silver  sand  and  blown  sand. 
Silica  is  comparatively  light,  sp.  gr.  2'6,  hence  the 
formation  of  sand  dunes.  It  only  melts  at  the  highest 
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temperature  of  an  oxyhydrogen  blowpipe,  or  in  an 
electric  furnace.  Ordinary  furnace  temperatures  have 
practically  no  effect  on  it  so  far  as  melting  is  concerned. 
It  expands  considerably  when  heated.  Silica  combines 
with  oxides  of  metals  and  produces  silicates.  These  are 
more  easily  melted  than  silica  itself,  and  mixtures  of  them 
are  more  easily  melted  than  simple  silicates.  Some,  like 
silicates  of  soda  and  potash,  melt  with  comparative  ease, 
and  the  presence  of  these  helps  to  lower  the  melting 
point  of  any  mixture  in  which  they  occur. 

The  most  refractory  of  the  common  silicates  are 
silicate  of  alumina,  silicate  of  lime,  and  silicate  of 
magnesia,  but  when  these  are  mixed  together  the  mixture 
is  fusible.  The  slag  of  an  iron  smelting  furnace  is  com- 
posed of  these  silicates,  the  proportion  of  each  being 
adjusted  so  as  to  produce  a  slag  which  will  melt  at  the 
smelting  temperature.  In  the  foundry,  lime  is  added  to 
the  cupola  charge  to  flux  the  ash  of  the  coke  and  the 
sand  adhering  to  the  pigs  and  scrap.  The  ash  contains 
silicate  of  alumina,  and  together  they  form  a  similar 
fusible  slag.  In  this  case,  however,  some  oxide  of  iron 
from  the  rust,  or  produced  by  the  action  of  the  blast  also 
passes  into  the  slag  and  helps  to  make  it  more  fusible. 
Incidentally  it  may  be  mentioned  that  silicates  of  iron 
and  manganese  are  among  the  more  readily  fusible  of 
such  compounds,  and  thus  lower  the  temperature  of 
fusion  of  slags  in  which  they  occur. 

The  following  table*  may  be  of  interest,  but  the  figures 
merely  represent  the  order  and  relative  difficulty  of  fusion. 
"  They  are  only  the  very  roughest  approximations."  On 
the  whole  the  figures  are  too  high.  The  figures  given  for 
magnesia,  lime,  iron,  and  manganese  are  certainly  much 
too  high  :  - 

Silicate  of  alumina      2,400°  C. 

magnesia 2,200°  C. 

lime  2,100°C. 

iron 1,789°  C. 

,,         manganese...          ...         ...     1,789°  C. 

,,         lime  and  magnesia            ...     2,000°  C. 
,,         lime  and  alumina 1,920°  C. 

Silicates  are  capable  of  dissolving  or  of  combining 
with  more  silica  or  more  metallic  oxide,  thus  making 
it  very  difficult  to  classify  them.  It  is  not  intended 

*  From  Sexton's  "  Metallurgy  of  Iron  and  Steel,"  page  111. 
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to  deal  with  this  extensively  here,  but  only  to  point  out 
that  in  silicates  of  the  same  metal  or  the  same  mixture 
of  silicates,  the  presence  of  an  increased  quantity  of  silica 
makes  it  more  refractory. 

Further  information  may  be  sought  in  works  on 
metallurgy. 

A  consideration  of  these  facts  will  show  that  moulding 
sands,  which  come  into  contact  with  the  hot  metal,  must 
be  free  from  the  possibility  of  the  formation  of  these 
fusible  mixtures,  and  as  it  will  appear  in  the  sequel  must 
consequently  be  as  free  from  lime  and  magnesia  as 
possible,  and  even  from  an  excess  of  oxide  of  iron  in  facing 
sands  containing  coal  dust,  charcoal,  or  other  carbonaceous 
reducing  agent,  otherwise  sand  burning  of  the  casting  will 
occur.  This  may  appear  as  fused  globules  of  black  matter 
in  contact  with  the  casting  or  as  a  cake  of  adhering  hard 
sand  which  sticks  to  the  surface  and  is  difficult  to  remove 
except  by  sand  blasting  or  pickling.  The  adherence  is 
caused  by  the  heat  of  the  metal  softening  the  sand  and 
making  it  contract,  and  either  crack  or  become  sufficiently 
porous  to  allow  the  metal  to  enter  the  pores  and  bind  it 
to  the  casting.  This  occurs,  especially  with  very  hot 
fluid  metal,  and  necessitates  the  use  of  blacking  and  facing 
materials. 

It  will  be  observed  that  the  refractoriness  of  the  sand 
is  mainly  determined  by  the  amount  of  free  silica  it  con- 
tains. Silica  has,  however,  no  binding  property — that  is, 
if  the  silica  grains  be  moistened  and  rammed  up  on 
drying  they  would  not  cohere,  and  the  mould  would  fall 
to  pieces  and  the  surface  wash  up  with  the  flow  of  the 
metal.  Free  silica  also  expands  considerably  when 
heated,  and  in  the  case  of  a  loose  granular  material  like 
sand  the  particles  do  not  return  to  their  original  positions 
when  the  mass  cools,  so  that  it  remains  permanently 
enlarged  in  a  greater  or  less  degree.  Every  moulder 
knows  that  cores  have  to  be  rubbed  down  to  fit  prints, 
&c.,  and  that  in  a  dry  sand  mould  he  must  hollow  the 
joint  surface  of  a  mould  to  avoid  a  crush  when  putting 
the  parts  together.  These  precautions  are  necessary  as 
the  result  of  the  expansion  of  the  silica  grains  in  the 
sand  when  heated  in  the  stove. 

The  openness  of  the  sand  is  determined  partly  by  the 
size  of  the  grains  and  partly  by  the  amount  of  free  silica 
contained.  No  sand  can  be  dense  and  non-porous  that 
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consists  of  silica,  and  the  drying  of  the  mould  helps  to 
increase  its  porosity  as  the  result  of  the  expansion,  as 
well  as  by  the  drying  out  of  the  water. 

Clayey  Matters. — The  properties  usually  associated  with 
clay  are  too  well  known  to  require  much  more  than 
mention.  Its  toughness  and  plasticity  in  the  wet  state, 
the  ease  with  which  its  moistened  particles  adhere  to 
each  other  and  to  other  substances,  and  its  impervious 
non-porous  nature,  are  matters  of  common  knowledge. 
Clays  vary  much  in  composition,  but  present  in  greater 
or  less  degree  the  foregoing  characters. 

Composition  of  Clay.— The  purest  form  of  clay  is  china 
clay,  used  for  pottery  manufacture  and  other  purposes. 
It  is  nearly  pure  silicate  of  alumina  combined  with  water, 
i.e.,  hydrated.  Chemically,  its  composition  may  be 
represented  by  the  expression 

A1203       2Si02       2H20 

Alumina.  Silica.  Water. 

Pure  china  clay  is  white.  Its  plasticity,  binding  power, 
and  clayey  qualities  are  greater  than  any  other  clay. 

These  are  dependent  on  the  presence  of  the  water  in 
the  clay.  This  water  is  combined,  and  the  clay  when 
merely  dried  still  retains  it.  When  clay  is  burnt,  as  in 
making  bricks  or  pottery,  the  water  is  expelled  and 
cannot  be  replaced. 

Other  clays  are  less  pure,  and  their  clayey  characters 
are  less  pronounced  the  more  impure  they  become. 

The  water  that  is  mixed  with  clay  to  soften  and 
temper  it  is  not  combined  with  its  substance,  but  only 
mixed  with  it,  and  can  be  dried  out  at  a  low  temperature 
without  destroying  its  plasticity,  &c.,  for  these  can  be 
restored  by  remoistening  the  dried  mass.  When  burnt 
all  power  of  restoring  the  plasticity  is  destroyed  and  all 
binding  power  is  lost. 

The  expulsion  of  the  water  from  the  clayey  matter 
contained  in  the  sand  is  the  reason  why  burnt  sand  has 
no  binding  quality,  and  may  be  used  as  parting  sand. 
The  burnt  facing  sand  lying  close  to  a  casting  has,  of 
course,  undergone  other  changes,  such  as  the  burning  out 
of  coal  dust,  &c.,  and  that  in  immediate  contact  with  the 
hot  metal  may  have  suffered  in  other  ways  (see  oxide  of 
iron  in  sand). 

These  changes  account  for  the  alteration  in  the 
properties  in  the  black  sand  that  accumulates  on  the 
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foundry  floor,  and  the  necessity  of  using  fresh  sand  for 
facings,  &c. 

Fireclay. — In  this  connection  it  is  as  well  to  point  out 
that  fireclays  consist  of  clays  consisting  of  silicate  of 
alumina  with  a  large  excess  of  silica,  and  containing 
only  very  small  amounts  of  lime,  magnesia,  or  sodium  and 
potassium  silicates.  It  is  to  this  freedom  that  their  fire- 
resisting  qualities  are  due. 

*  Composition  of  Clays  and  Ganister. 
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2 

3 
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Silica    

46-32 

63-3 

69-25 

89-04 

Alumina       

39-74 

23-3 

17-9 

5-44 

Lime     !      0-36 

^    n  73 

o      f 

0-31 

Magnesia     j       0-44 

J     J7d 

| 

0-17 

Oxide  of  iron      ...         0-27 

1-8 

2-97 

2-65 

Water  and  organic  ! 

matter      

12-67 

10-3 

7-58 

2-3 

1.  China  clay. 

2.  Stourbridge  fireclay. 

3.  Newcastle  fireclay. 

4.  Sheffield  ganister. 

The  reason  for  using  fireclay  instead  of  common  clay 
as  a  means  of  adding  clayey  matter  to  sand  is  obvious. 

Both  in  drying  and  also  in  burning  clay  contracts 
considerably. 

The  function  it  performs  in  a  foundry  sand  will  now 
be  clear.  Its  presence  is  necessary  to  hold  together  the 
sand  grains,  and  it  thus  determines  in  a  large  measure 
the  cohesion  possessed  by  the  sand. 

That  its  presence  will  not  make  the  sand  fusible  at 
the  casting  temperature  will  be  seen  from  a  consideration 
of  the  remarks  on  silica  and  silicates  and  reference  to  the 
table  of  fusibilities.  No  simple  silicate  of  alumina  will 
melt  at  ordinary  furnace  temperatures. 

On  the  other  hand,  too  much  clay  will  make  the  sand 
close,  and  ultimately  render  it  unsuitable,  as  the  metal 
will  not  "  lie  on  it  kindly,"  because  the  gases  unable  to  get 
away  will  bubble  up  through  the  metal,  with  the  pro- 
duction of  a  number  of  difficulties  to  be  dealt  with  later. 

*  Rhead,  "  Metallurgy,"  page  33. 
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Thus  in  foundries  where  many  plates  for  floors  in  forges, 
&c.,  are  cast,  it  is  common  to  mix  open  sharp  sand  with 
the  sand  to  make  it  unnecessary  to  vent,  while  in  some 
cases  the  sand  is  mostly  sharp,  and  cement  is  used  as  a 
facing,  sleeked  on  dry  like  blacklead. 

Where  increased  cohesion  and  adhesion  are  necessary 
clay  wash  is  used,  being  mixed  with  the  sand  in  the  mill 
or  daubed  on  the  surfaces  of  supports,  &c.,  as  required. 
In  preparing  sand  for  foundry  purposes  clay  has  frequently 
to  be  washed  out. 

Sand  that  exhibits  a  tendency  to  wash  up  when  the 
metal  flows  over  it  is  usually  deficient  in  clayey  matter. 

Oxide  of  Iron. — This  body  constitutes  the  red  and  yellow 
colouring  matter  of  sands  and  clays.  The  red  oxide  con- 
tains little  or  no  water,  the  yellow  may  contain  25  per 
cent,  of  its  weight,  which  it  loses  when  heated. 

Oxide  of  iron  often  forms  a  coating  on  the  surface  of 
the  sand  grains  and  is  sometimes  present  in  the  clayey 
matter  contained  in  the  sand. 

The  oxide  present  is  ferric  oxide  (Fe205).  This  oxide 
does  not  combine  with  silica  when  heated  with  it,  but  if  a 
portion  of  its  oxygen  be  removed  it  forms  ferrous  oxide 
(FeO),  thus  :  Fe203  —  O  =  2  FeO. 

The  latter  combines  readily  with  silica  and  produces  a 
fusible  silicate  as  already  observed.  This  removal  of 
oxygen  is  very  readily  effected  by  carbonaceous  bodies, 
such  as  the  coal  dust  in  facing  sand,  and  if  much  ferric 
oxide  be  present,  prolonged  contact  with  hot  metal  may, 
and  sometimes  does,  produce  softening  and  partial  fusion 
at  the  face.  The  amount  of  this  substance  present  does  not 
receive  the  attention  it  deserves.  As  will  be  noted  its 
presence  in  sands  (e.g.,  core  sand  in  which  coal  dust  is  not 
used)  does  not  matter.  There  is  little  doubt  that  it  does 
possess  some  binding  power,  but  it  is  very  small. 

Lime  and  Magnesia  occur  in  the  sand  both  in  combination 
with  silica  and  as  carbonates.  They  tend  to  promote 
fusibility  as  already  pointed  out.  Lime  is  worse  in  this 
respect  than  magnesia.  The  amount  of  either  should  not 
exceed  1  per  cent.,  while  for  purposes  where  great  re- 
fractoriness is  necessary  they  should  not  exceed  0'5  per 
cent. 

It  is  not  often  that  other  silicates  or  metallic  oxides 
are  present  in  moulding  sand.  Occasionally  oxide  of 
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titanium  is  present,  but  its  presence,  in  the  quantities 
found,  is  not  harmful. 

Silicates  of  soda  and  potash  make  the  sand  less 
refractory. 

Some  natural  sands  contain  salt.  This  must  always 
be  removed  by  washing. 

Contact  with  the  hot  metal  in  some  sands  containing 
clayey  matter,  lime,  or  chalk,  and  much  oxide  of  iron,  pro- 
duces a  disintegration  of  the  sand  grains  and  a  combina- 
tion of  the  substances  mentioned  much  as  in  cement 
burning.  The  result  is  that  such  sand  powders  when 
used,  and  if  the  fine  powder  be  wet,  it  cakes  on  drying  to 
a  compact  mass,  on  which  the  metal  will  not  lie.  Such 
sands  are  only  used  where  others  are  not  available,  and 
are  rejected  after  being  used  once. 

Analyses  of  Moulding  Sand. 


i 

2 

3 

Loss  on  ignition  (com- 
bined    water     and 
organic  matter)     ... 
Insoluble    in    hydro- 
chloric acid    
Ferric  oxide       
Lime 

2-41 

91-92 

2-87 
2-36 

2-7 

93-2 

2-48 
1.08 

2-09 

93-96 
4-34 
0-77 

Magnesia    
Alumina      .  .  .       Total 
Silica  Total 

1-11 

82-95 

0-4 
5-52 

87-7 

Traces. 
4-75 

87-8 

1  is  a  yellow  sand  from  Mansfield. 

2  is  a  yellow  sand  from  the  Manchester  district. 

3  is  a  red  sand  from  the  Permian  formation. 

Influence  of  Size  and  Shape  of  Grains. — Hitherto  it  has  been 
assumed  that  the  strength  and  character  of  the  sand  depends 
only  on  its  composition,  being  determined  by  the  amount  of 
clayey  matter  present.  This  view  is  largely  correct,  but 
the  size  and  shape  of  the  grains  is  also  important.  Sands 
in  which  the  grains  are  round  are  weaker  than  those 
in  which  the  shape  is  irregular,  even  when  the  same 
amount  of  clayey  matter  is  present.  Hound  particles  of 
a  spherical  or  nearly  spherical  shape  would  only  come 
into  contact  at  points,  and  the  amount  of  overlapping  and 
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interlocking,  Fig.  56,  would  be  very  small.  Irregular 
particles,  on  the  other  hand,  overlap  and  interlock  when 
rammed  together,  and  produce  a  much  stronger  mass  struc- 
turally than  round  grains .  Such  sand  will  also  in  practice  be 
more  open  and  easily  vented,  because  less  clayey  matter 
is  necessary  to  produce  equal  strength.  Closeness  and 
strength  are  not  synonymous,  and  it  is  possible  to  have  a 
close  sand  which  is  not  necessarily  strong.  The  practice 
of  milling  sand  to  make  it  close  and  strong  is  often 
carried  out  without  any  regard  to  its  character,  and 
often  does  not  produce  increased  strength  unless  clay 
additions  are  made.  In  some  cases  it  is  actually  weaker. 

The  size  of  the  grain  will,  of  course,  determine  to  a 
considerable  extent  the  fineness  of  the  mould  surface  ; 
and  to  obtain  a  good  smooth  casting  it  is  necessary  to 
use  a  fine  sand  suitably  faced. 


Irregular  grains          Rounded  grains 

of  sand.  of  sand. 

FIG.  56. 

Toughness. — Many  sands  are  improved  by  allowing 
them  to  lie  after  milling  for  some  days  before  use.  The 
time  during  which  they  improve  may  extend  to  a  fort- 
night. This  is  due  to  the  water  mixed  with  the  sand 
being  more  completely  absorbed  and  assimilated  by  the 
sand. 

Occurrence  of  Moulding  Sands — Sands  suitable  for  foundry 
purposes  are  met  with  in  the  coal  measures  and 
in  all  geological  formations  newer  than  these.  Some  are 
derived  from  the  permian  formation,  others  from  the  green 
sand,  chalk,  and  Hastings  sands  and  other  tertiary 
deposits.  Sands  from  the  new  red  sandstone  are  of  a 
durable  character,  and  are  generally  preferred.  Fresh 
sand  is  considered  better  than  that  which  has  been  long 
exposed  to  the  atmosphere.  Sometimes  the  softer 
portions  of  the  rock  itself  are  ground  up  and  used. 
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Red-rock  sand  is  a  term  commonly  applied  to  these 
sands. 

Some  of  the  best  known  are  :— 

Lancashire  Red,  from  the  permian  strata,  is  an  excellent 
sand  for  general  purposes.  It  is  very  uniform  in  character 
but  sometimes  contains  small  clayey  concretions  which 
are  broken  down  on  milling.  Its  superiority  lies  in  its 
uniformity  and  cohesiveness  combined  with  free  venting. 
Its  only  fault  is  that  moulders  unacquainted  with  other 
sands  are  liable  when  using  them  to  omit  to  make 
sufficient  use  of  the  pricker  and  vent  wire,  and  produce 
too  many  wasters.  This  is  especially  the  case  with 
Erith  and  Belfast  sands,  and  some  even  of  the 
Manchester  district.  For  facings  it  is  mixed  with  black 
sand  and  coal  dust. 

Belfast  sand  is  another  reddish  sand  of  fine  grain 
much  used  in  Scotland.  The  grains  are  of  different  sizes, 
and  a  very  smooth  surface  is  obtained  with  a  fairly  open 
texture  and  free  venting.  It  is  excellent  for  light  and 
ornamental  work,  and  also  for  hollow  ware.  For  heavy 
green  sand  castings  it  is  better  to  mix  it  with  from  a 
fifth  to  half  of  its  own  volume  of  rotten  rock  to  make  it 
stronger,  according  to  the  weight  of  the  casting. 

Mansfield  (Nottingham)  sands  are  also  of  a  fine  grain 
and  close  character.  They  are  yellow  and  red  in  colour, 
and  are  principally  used  for  fine  work.  An  admixture 
of  old  sand  is  usually  made  to  open  it  according  to  the 
weight  of  the  casting. 

The  Worcester  sands,  and  those  of  the  Birmingham 
district,  resemble  the  Lancashire  red. 

Doncaster  sand  is  red,  of  a  fairly  open  character, 
and  suitable  for  general  purposes.  It  is  not  generally 
strong  enough  for  loam,  but  is  suitable  for  small  cores. 

Pontefract  and  Snaith  sands  resemble  those  of 
Doncaster. 

Kippax  sand  is  a  yellow  sand  suitable  for  dry-sand 
work,  and  for  cores. 

Derbyshire,  Cheshire,  and  Shropshire  yield  good 
moulding  sands. 

Erith  sands  are  largely  used  in  the  London  district, 
and  on  the  East  Coast.  It  is  an  excellent  sand  for 
general  usefulness.  It  varies  somewhat  in  the  amount  of 
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clay  present,  and  a  fairly  close  watch  has  to  be  kept  on 
its  character.  It  gives  a  splendid  surface  on  thin 
castings,  and  makes  excellent  loam. 

Falkirk  sand  is  an  open,  free-venting  sand  used  for 
the  casting  of  hollow  ware  in  the  Glasgow  district.  Some 
founders  attribute  the  smooth  skin  on  Scottish  hollow 
ware  to  the  use  of  this  sand. 

Iron  sand,  iron-sharp  sand,  similar  to  that  used  for 
building  purposes,  is  often  used  in  Scotland  for  loam. 
Clay  is  used  to  make  it  cohere.  It  is  coarse  in  texture, 
and  becomes  friable  and  easily  broken  when  overheated 
in  the  stove.  This  is  due  to  its  coarse  silicious  character, 
and  the  expansion  of  the  grains  by  heat  as  previously 
noted. 

The  sands  used  in  County  Down  are  obtained  from 
the  new  red  formation. 

In  France,  sands  from  tertiary  strata  are  used.  Fine- 
grained quartz  sand  is  sometimes  employed,  but  must  be 
mixed  with  claywash. 

Green-sand  Mixtures — Moulding  sand  for  moulds  to  be 
run  in  the  moist  condition,  that  is  without  stove  drying, 
is  made  up  by  the  addition  of  various  materials  to  the 
natural  sand.  These  substances  are  added  with  a  view 
to  making  the  sand  more  refractory,  or  rather,  perhaps, 
to  separate  the  sand  grains  in  such  a  manner  as  to  prevent 
them  burning  together  when  the  hot  metal  comes  into 
contact  with  them,  thus  enabling  the  sand  to  be  more 
readily  removed  from  the  casting.  They  also  make  the 
sand  more  open.  In  a  few  cases  substances  for  in- 
creasing the  cohesion  are  addid. 

Coal  dust,  powdered  charcoal,  coke  dust,  and  anthra- 
cite are  used  for  the  above  purpose.  They  help  to  make 
the  sand  more  open  in  the  sense  of  being  less  cohesive, 
and  thus  render  it  weaker.  As  soon  as  the  hot  metal 
comes  into  contact  with  sands  containing  coal  it  first  of 
all  dries  the  face  and  then  begins  to  heat  the  sand.  The 
coal  dust  when  heated  gives  off  gas,  the  liberation  of 
which  and  also  the  conversion  of  the  water  into  steam 
absorb  heat  and  cool  the  sand,  preventing  it  from  being 
overheated  and  fusing,  and  also  preventing  the  grains 
from  expanding  to  the  same  extent.  The  dust  itself 
contracts,  and  any  expansion  by  heat  which  takes  place 
is  thus  counteracted. 

Hi 
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The  coke  left  from  the  coal  dust  is  of  less  volume,  and 
is  itself  porous  ;  but  the  gas  fills  the  pores,  and  buoys  up 
the  metal  till  it  sets  on  the  surface.  The  iron  is  thus 
prevented  from  entering  the  pores,  and  hence  coarser 
sands  may  be  employed  when  coal  dust  is  used  and  yet 
produce  castings  with  a  good  face.  The  gas  generated 
finds  its  way  out  through  the  vents,  and  an  open  sand 
will  stand  more  coal  dust  than  a  closer  one.  It  must  be 
borne  in  mind  that  the  gas  must  be  able  to  get  away 
without  bubbling  through  the  metal,  or  trouble  will 
ensue.  This  gas  also  prevents  chiLing,  for  as  gases  are 
the  worst  conductors  of  heat  a  very  thin  film  is  sufficient 
to  prevent  the  metal  from  being  chilled  by  coming  into 
contact  with  the  mould  surface. 

Charcoal  and  coke  are  porous,  and  do  not  contract 
like  coal.  Charcoal  gives  off  some  gas,  but  much  less 
than  coal.  Coke  will  give  off  little  or  none,  other  than 
the  air  enclosed  in  its  pores.  Anthracite  also  gives  off 
very  little  gas. 

With  coal  dust  the  gases  evolved  are  hydrocarbons, 
and  may  be  partially  decomposed  by  the  hot  iron  with 
a  deposit  of  graphite  on  the  surface.  This  effect  will 
be  destroyed  if  the  sand  be  too  damp. 

When  the  mould  gets  hot  by  contact  with  the  metal, 
all  these  substances  are  burnt  by  the  air  in  the  pores. 

It  will  be  observed  that  for  heavy  castings  too  much 
coal  dust  will  not  be  admissible,  because  as  the  contraction 
due  to  the  action  of  the  hot  metal  on  the  coal  dust  goes 
on,  the  bottom  or  sides  of  the  mould  may  contract  and 
sink  or  crack  all  over,  and  produce  a  seamed  or  veined 
appearance  on  the  surface  of  the  casting,  with  a 
probabla  increase  in  size  of  the  casting.  It  is  also  possible 
for  this  to  occur  with  too  strong  a  sand,  due  to 
undue  contraction  resulting  from  the  excess  of  clay 
present  ;  but  in  such  cases  the  metal  would  not  lie 
quietly  in  the  mould,  and  unsoundness  would  accompany 
the  veining. 

From  a  consideration  of  the  above  facts  it  will  be  clear 
that  the  amount  of  coal  dust  bsst  suited  for  any  sand 
will  depend  on  the  coarseness  of  the  sand  and  the  tem- 
perature at  which  the  metal  enters  the  mould,  while  the 
latter  is  determined  by  the  weight  of  the  casting.  Further, 
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the  effect  of  the  metal  in  rapidly  heating  the  mould  face 
will  depend  on  the  dampness  of  the  sand,  but  excess  of 
moisture  will  also  make  the  sand  less  free  venting,  so 
that,  with  a  close  sand  more  moisture  would  mean  using 
less  coal  dust,  although  it  might  still  be  sufficiently 
adhesive  due  to  the  increased  moisture 

The  apportioning  of  coal  dust  to  a  sand  must  be  done 
with  care,  and  with  due  regard  to  all  the  conditions. 
We  have  known  attempts  made  to  run  very  thin  light 
castings  of  a  complicated  nature  in  sand  containing 
as  much  coal  dust  as  the  ordinary  facing  sand. 
The  higher  temperature  at  which  the  metal  has  to  be 
teemed  naturally  heated  the  face  as  rapidly  and  effectively 
as  duller  metal  at  a  lower  temperature  would  do  in  a 
heavier  casting,  and  the  gas  not  able  to  get  away  produced 
cold  short  places,  and  wavy  lines  all  over.  Pierced  and 
elaborate  ornamental  work  is  thus  very  liable  to  suffer 
in  the  detail,  and  in  such  castings  as  small-toothed  wheels 
the  same  difficulties  are  liable  to  occur  as  well  as  being 
one  cause  of  the  formation  of  cavities  at  the  roots  of  the 
teeth.  More  of  these  difficulties  are  due  to  the  nature 
of  the  sand  than  is  generally  credited. 

For  light  work,  the  amount  added  varies  from  none 
to  1  part  of  coal  dust  by  measure  to  15  of  the  sand. 
Less  than  one  part  in  20  appears  to  have  no  effect  on 
castings.  If  new  and  old  sand  are  used  in  the  mixture, 
it  is  all  counted  in  apportioning  the  coal  dust. 

The  amount  of  coal  dust  mixed  in  the  facing  for 
heavier  castings  may  be  greater,  but  the  limit  is  reached 
when  the  coal  dust  reduces  the  cohesion  to  too  great  an 
extent.  About  one  part  of  coal  dust  in  six  of  sand  is 
the  maximum,  but  this  is  seldom  reached.  About  1  to  8 
or  10  of  sand  is  the  amount  generally  used  in  jobbing 
sand. 

In  the  use  of  facings  note  must  be  taken  not 
only  of  the  wejght  of  the  casting,  but  also  of  the  position 
of  the  parts  of  the  mould,  the  sizes  and  position  of  the 
gates,  how  long  it  takes  the  mould  to  fill,  and  the  tem- 
perature at  which  the  metal  is  cast. 

In  general,  stronger  facing  may  be  used  at  the  bottom 
than  on  the  sides  (especially  the  uppsr  parts,  which  fill 
last)  and  angles  of  a  mould,  but  whether  a  facing  will 
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produce   veined   castings   or  not   depends   both    on  the 
temperature  of  pouring  and  the  character  of  the  metal. 

The  height  of  the  head  of  metal  is  also  important. 

Something  also  depends  on  the  ramming,  and  a  good 
deal  on  the  perfectness  of  the  mixing  of  the  sand. 

The  moulder  can  vary  the  strength  of  his  facings  for 
any  particular  part  of  the  mould  to  suit  his  requirements, 
if  he  bears  in  mind  the  conditions  under  which  he  is 
working.  This,  however,  he  must  do,  for  many  a  casting  has 
been  ruined  by  a  shovelful  of  bad  or  unsuitable  sand 
placed,  say,  near  a  gate,  and, the  entering  metal  has 
washed  up  the  surface  perhaps  for  several  inches,  form- 
ing an^unsightly  scab  if  nothing  more.  It  is  a  good 
maxim  not  to  use  facing  sand  too  strong,  but  where  the 
runners  are  cut  it  will  stand  the  flow  of  the  metal  better 
than  common  sand. 

Moisture  in  Sand. — The  amount  of  moisture  in  sand 
has  a  great  influence  both  on  its  working  in  making  the 
mould,  and  on  its  behaviour  when  the  casting  is  run. 
It  also  has  much  to  do  with  the  soundness  or  otherwise 
of  the  casting. 

Sand  that  is  very  damp  will  not  allow  the  same- 
amount  of  ramming  as  drier  sand,  and  still  retain 
its  porosity.  The  mould  will  consequently  stand  less 
strain  ;  hence  the  drier  the  sand  can  be  used  with  satis- 
factory cohesion  and  ease  in  working,  mending,  &c.,  the 
better  both  for  the  moulder  and" his  castings.  Wet  sand 
will  stand  less  tooling  than  drier  sand,  for  its  pores  get 
closed,  and  scabs  result.  Sometimes  pitting  and  cold 
short  veining  are  due  to  the  same  cause.  These  remarks 
apply  with  equal  force  to  the  use  of  the  swab  when 
drawing  the  pattern,  or  when  finishing,  only  in  this  case 
the  trouble  is  often  confined  to  the  neighbourhood  of 
the  wetted  portion,  and  the  casting  may  be  blown,  say 
at  the  angle,  where  a  projecting  piece  joins  on  to  the 
casting,  due  to  wetting  the  sand  at  that  point  to  prevent 
it  being  broken  down  when  drawing  the  pattern  or  when 
mending  up.  Surrounded  on  two  sides  by  metal,  the 
gases  cannot  get  away  as  readily  as  when  the  metal  is 
in  contact  with  one  face  only,  and  gas  enters  the 
metal  at  the  moment  it  comes  in  contact  with 
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the  mould.  The  cooling  effect  of  the  wet  surface 
has  solidified  a  thin  skin  of  metal  in  contact  with 
it,  and  as  gas  bubbles  always  attach  themselves 
to  the  first  solid  matter  with  which  they  come  into 
contact,  the  bubble  or  bubbles  of  gas  adhere  or  are 
caught  by  this  film,  and  as  probably  no  wash  of  metal 
takes  place  to  dislodge  them  they  remain  attached  and 
form  a  blow  hole.  Different  sands  require  varying 
amounts  of  moisture  to  enable  them  to  be  used,  and  it 
is  impossible  to  say  how  much  should  be  present.  Every 
founder  should  determine  for  himself  the  quantity  that 
gives  the  best  results,  and  see  that  it  is  adhered  to. 
Simple  tests  will  be  given  later  by  which  the  condition  of 
the  sand  may  be  determined. 

Mixing  Sands. — In  mixing  sands  for  facings  it  is,  as 
far  as  possible,  advisable  to  use  up  spent  or  floor  sand 
to  the  greatest  extent  for  the  sake  of  ^economy. 
Where  sands  of  a  perishable  nature  are  used  this  is,  of 
course,  impossible,  and  a  good  many  failures  might  be 
attributed  to  this  cause. 

While  it  is  impossible  to  give  suitable  mixtures  for 
every  class  of  work  and  for  every  sand,  a  general  indica- 
tion of  the  proportions  may  be  given. 

Occasionally,  in  addition  to  coal  dust,  horse  dung  is 
mixed  with  the  sand. 

In  mixing  sand  too  great  care  to  have  the  materials 
thoroughly  incorporated  cannot  be  taken.  The  mixing 
should  be  done  in  a  separate  shed  with  a  good  floor, 
preferably  covered  with  iron  plates. 

Where  more  than  one  quality  of  sand  is  being  used, 
the  different  sorts  should  be  put  down  in  layers  to 
form  a  long  low  narrow  heap,  that  used  in  largest 
quantity  at  the  bottom  and  spread  evenly,  and  the 
others  on  the  top  in  layers  of  uniform  thickness,  finishing 
with  the  ingredient  which  is  used  in  the  least  quantity  ; 
or  the  materials  may  be  built  up  in  alternate  layers  of 
uniform  thickness  into  a  mound.  In  either  case  a 
labourer  takes  a  vertical  slice  of  the  mound  and  mixes  by 
hand  with  a  shovel  on  the  floor,  turning  it  over  several 
times,  and  then  passes  it  on  to  the  mixer. 
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For  ordinary  facings  for  Lancashire  red  sands 
4  parts         .  .          .  .          .  .     New  sand. 

4  .  .          .  .          .  .     Black  sand. 

1  .  .          .  .          . .     Coal  dust. 

Black   sand  is   sometimes  partially  replaced  by  road 
or  other  sharp  sand. 

This  may  be  translated  into  works  measures,  as 

10  barrows New  sand. 

10  .  .          .  .          .  .     Black  and  road  sand. 

2  bags          Coal  dust. 

Strong  sand  may  be  made  as  follows  :— 

20  parts     • .  .  .  .  .  .  New  sand. 

20                  .  .  •  •  •  •  Road  sand. 

2  to  "4  parts  .  .  .  .  Horse  dung. 

5  to  6       „  .  .  .  •  Coal  dust, 
or 

20  parts  .  .  •  •  New  sand. 

40  .  .  .  .          .  .  Road  sand. 

1  part  .  .  .  .          •  •  Black  sand. 

i  Loam  rubbish. 

?  5  *    " 

8  . .          . .          •  •     Coal  dust. 

Another  favourite  mixture  similar  to  the  first  is  :— 

40  parts New  sand. 

20  .  .          •  •          •  •     Black  sand. 

20  .  .          •  •          •  •     Road  sand. 

9  to  ib  parts          .  .          .  .     Coal  dust. 

For  small  work  and  wheel  teeth  the  mixtures  vary. 
Mansfield  sand        .  .      2  parts. 
Old  sand      .  .          . .      1  to  2  parts. 

Coal  dust       .  .          ..    1    to    15   or   20   of   the   sand 

mixture. 

A  good  facing  containing  no  coal  dust  for  teeth  of 
small  spur  wheels  :— 

Belfast  sand  .  .      2  parts. 

Floor  sand  .  .          .  .          .  .      3      ,, 

Red  rock  sand       .  .          .  .      3      ,, 

Core  Sand.— Sand  for  making  cores  requires  to  be  sufficiently 
adhesive  when  rammed  to  bear  handling  even  in  thin  sections. 
It  is  also  necessary  that  it  should  be  very  free  venting. 
Many  cores  are  completely  surrounded  by  metal,  and  unless 
the  gas  can  get  away  blown  castings  are  sure  to  result.  No 
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part  of  a  mould  requires  such  care  as  regards  venting, 
but  no  amount  of  care  in  the  provision  of  venting  channels 
will  suffice  if  the  sand  mixture  is  unsatisfactory.  Much  of 
the  trouble  is  overcome  by  the  fact  that  cores  are  usually  dried, 
and  the  difficulty  arising  from  the  presence  of  moisture  is 
thus  removed,  while  the  drying  makes  the  sand  more  porous. 
The  difficulty  is  to  insure  porosity  with  the  cohesion 
necessary  to  allow  handling,  and  in  some  cases  the  flow  of 
the  metal  against  comparatively  thin  isolated  portions  of 
the  mould.  Core  sand  should  be  especially  open  for  cores 
surrounded  only  by  a  thin  layer  of  metal  (from  Jin.  to  Jin. 
thick),  as  especially  on  the  thinnest  casting  the  gas  must  get 
away  immediately.  If  it  comes  into  the  mould  the  metal 
sets  round  it  before  it  has  time  to  get  clear.  Such  cores 
should  require  little  poking  to  remove  them  ;  a  slight  tapping 
on  the  side  of  the  casting  should  be  almost  enough  to  make 
the  sand  run  out. 

The  expansion  of  the  silica  grains  while  heating  to  dry 
also  helps  to  open  the  pores  and  improve  the  venting.  With 
small  cores,  and  in  some  cases  in  larger  ones,  special  methods 
are  used  to  obtain  the  necessary  cohesion. 

Core  Gum  is  sometimes  mixed  with  the  sand  for  this  pur- 
pose. This  substance  is  dextrin  made  by  carefully  heating 
starchy  matters  to  a  temperature  of  414°  to  527°  Fah.  The  body 
thus  produced  is  a  dry  powder  of  a  white  or  brown  colour.  The 
pastes  are  made  by  acting  on  a  mixture  of  starch  and  water 
with  oil  of  vitriol.  The  proportions  are  25  of  starchy  matter, 
75  of  water,  and  2J  of  oil  of  vitriol.  The  mixture  is  warmed 
to  about  130°  to  140°  Fah.  and  stirred.  Chalk  is  added  to 
neutralise  the  acid,  and  the  clear  liquor  drawn  off  and  con- 
centrated. Dextrin  for  coremaking  is  made  with  less  care. 
The  advantage  it  possesses  over  flour  or  starch  is  that  it  is 
soluble  in  water,  and  thus  can  coat  the  grains  evenly,  securing 
firmness  without  choking  the  pores  to  the  same  extent  as 
starch  does.  It  is  best  used  in  solution,  and  gives  a  strong, 
firm  core.  One  part  of  gum  to  18  or  20  of  sand  is  sufficient. 

Flour  of  one  kind  or  other  has  been  largely  employed  in  core 
sand.  Rye  flour  is  sometimes  recommended  on  account  of 
its  not  being  as  sticky  as  wheaten  flour.  The  flour  is  mixed 
with  the  sand  before  the  water  is  added.  Holes  made  by 
such  cores  may  not  be  very  smooth  due  to  imperfect  admixture 
of  the  flour,  or  the  use  of  an  excess.  The  amount  added 
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varies  from  1  part  of  flour  to  12  of  sand  to  1  part  to  20  of 
sand.  Cores  that  do  not  need  to  be  handled  much  require 
less  flour  or  any  other  adhesive  mixing  with  the  sand. 

Resin  in  fine  powder  is  also  used.  It  is  less  affected  by 
the  moisture  in  green  sand  moulds,  and  produces  a  smoother 
surface  than  cores  made  of  flour  mixtures.  The  metal  seems 
also  to  lie  on  them  more  quietly.  It  is  sometimes  claimed 
that  the  cores  vent  better  with  resin  and  that  smoother 
holes  are  produced  by  its  use. 

Core  Oil. — Oils  of  various  kinds  are  used  to  mix  with  core 
sand.  Fish  oil,  heavy  refuse  paraffin,  and  linseed  oils, 
as  well  as  others,  are  used  for  this  purpose.  They  yield  hard 
strong  cores  of  a  very  resisting  and  satisfactory  character. 
It  is  one  o:  the  best  additions  that  can  be  made  to  small 
cores. 

Treacle  and  water,  barm,  and  even  beer,  are  occasionally 
used  in  the  mixture  of  core  sands  to  secure  cores  that  are  not 
so  "  frush,"  and  possess  a  harder  surface. 

In  addition  to  these,  clay  wash  is  commonly  mixed 
with  core  sands,  especially  those  into  which  sharp  sand 
enters  in  any  considerable  proportion.  Its  use  in  cases 
where  other  adhesives  are  employed  is  not  so  necessary. 

Many  sands  also  contain  sufficient  clay  already,  and 
owing  to  their  open  texture  may  be  used  after  grinding  without 
any  admixture  of  sharp  sand  to  improve  the  venting. 

Small  cores  are,  of  course,  made  with  finer  sand  than 
large  ones. 

The  admixture  of  substances  such  as  dextrin,  oil,  &c., 
in  cores  is  attended  with  the  development  of  more  gas  than 
when  sand  only  is  used.  The  hot  metal  chars  the  substances 
in  the  same  manner  as  it  does  the  coal  dust  in  facing  sand. 
It  is  therefore  important  that  all  vents  should  be  as  perfect 
as  possible. 

Sometimes  in  using  a  considerable  number  of  small  cores 
made  of  these  mixtures,  the  holes  left  by  the  cores  will  be 
satisfactory,  but  the  surface  of  the  plate  on  the  under-side  of 
the  cope  will  be  found  to  be  pockmarked  all  over,  due  to 
the  trapping  of  small  bubbles  of  gas  between  the  metal  and 
the  cope.  If  the  cope  were  better  vented,  this  probably 
would  not  arise,  but  in  thin  castings  the  mould  fills  and  the 
metal  solidifies  so  rapidly  that  unless  the  sand  is  specially 
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porous,  the  gas  has  practically  no  opportunity  to  get  away 
before  it  is  encircled  by  the  metal,  which  then  sets  so  quickly 
as  to  practically  make  the  formation  of  these  shallow  cavities 
certain.  These  pittings  commonly  have  the  appearance  of 
being  blackleaded. 

Sometimes  3  parts  of  sharp  or  river  sand  are  mixed  with 
1  of  red  sand  and  1  part  of  flour  or  gum  to  12  or  20  of  sand. 
This  mixture  may  be  wet  with  water,  clay  wash,  treacle 
water,  or  other  liquid  to  a  suitable  degree  of  dampness. 

Larger  cores  use  less  sharp  sand  in  order  to  obtain  greater 
strength,  but  the  mixture  given  above  may  be  used  if 
moistened  with  clay  wash,  instead  of  water.  For  small, 
hard  cores,  all  new  sand  without  admixture  may  be  used,  and 
such  additions  to  strengthen  it  as  are  deemed  advisable.  If 
the  sand  is  too  fine  and  close,  the  addition  of  a  little  sharp 
sand  not  exceeding  1  part  sharp  sand  to  3  of  new  moulding 
sand  may  be  made. 

For  very  large  cores  loam  that  has  come  from  castings 
is  mixed  with  the  sand,  and  horse  dung  and  sawdust  are 
added.  The  mixture  is  ground  for  10  to  15  minutes  in  the 
mill.  Ground  sand  or  milled  sand  is  'only  used  for  large 
cores  where  the  metal  sections  are  heavy — over  IJin.  thick. 
The  admixture  of  organic  matter  makes  the  core  open  when 
dried,  and  allows  the  metal  to  contract  on  and  crush  it, 
thus  avoiding  a  fractured  casting. 

Core  sand  should  not  be  too  wet,  or  it  sticks  to  the  core 
boxes  too  much,  especially  if  the  box  be  a  wooden  one,  and 
rough  cores  are  the  result. 

In  some  cases  it  is  exceedingly  difficult  to  remove  the 
core,  and  it  is  then  advantageous  to  mix  plumbago  blacking 
with  the  core  sand,  in  the  proportion  of  1  to  8  to  1  to  14, 
according  to  difficulty.  This  peels  the  casting  well,  and 
makes  it  easy  to  remove  the  sand.  Such  cores  are  inclined 
to  be  weak,  and  some  adhesive  should  be  added  to  counteract 
this  tendency. 

Dry  Sand  Mixtures. — As  in  green  sand  mixtures  the 
facing  in  dry  sand  moulds  requires  to  be  mixed  with  greater 
care  than  the  portion  behind  it.  Some  lin.  to  2in.  of  the 
facing  is  sufficient. 

The  sand  which  forms  the  back  of  the  mould  merely  acts 
as  a  support  for  the  facing,  and  enables  it  to  resist  the  pressure 
of  the  metal.  It  should  therefore  be  firm  and  rigid,  and  be 


122  MOULDING    MATERIALS    IN    THE    FOUNDRY. 

properly  retained  and  supported,  but  the  more  open  and 
porous  it  is  left  the  better  for  the  soundness  of  the 
castings. 

Although  dry  sand  moulds  are  dried  before  use,  the  ad- 
mixture of  much  water  with  the  sand  is  inadvisable.  The 
dampness  should  not  be  much  greater  than  that  of  green  sand, 
or  it  will  be  rammed  too  much,  and  will  be  harder  and  closer 
when  dried.  Further,  if  wet,  sleeking  the  mould  will  tend 
to  close  the  pores,  and  by  making  the  venting  less  perfect 
help  to  defeat  the  purpose  for  which  dry  sand  is  selected  as 
the  means  of  making  the  casting.  Where  a  considerable  time, 
say  several  days,  is  occupied  in  making  the  mould,  and  it  is 
necessary  to  complete  the  mould  before  removing  the  pattern 
and  finishing  the  mould,  the  sand  is  used  wetter. 

Dry  sand  mixtures  require  to  be  uniform  in  texture  and 
composition,  and  should  therefore  be  milled  to  insure  tough- 
ness and  uniformity.  If  no  mill  is  handy  it  must  be  thoroughly 
mixed  by  treading,  turning  over,  and  twice  sieving. 

As  a  rule,  no  coal  dust  is  used  in  dry  sand  to  peel  the  cast- 
ings, but  the  mould  is  thoroughly  blackened,  generally  before 
drying.  Sometimes  coal  dust  or  coke  dust  in  small  pro- 
portion is  added,  as  will  be  seen  later. 

Lancashire  red  sand  is  very  suitable  for  dry  sand  work 
without  addition.  Ten  to  fifteen  minutes'  milling  is  sufficient. 

A  common  basis  of  admixture  is  : — 

Red  Rock  sand 1  part. 

Sand  previously  used  for  dry  sand  moulds. . .    1  part. 

This  mixture  is  used  with  or  without  the  addition  of 
clay  wash,  according  to  circumstances.  Its  character  varies 
considerably,  and  much  depends  on  the  judgment  of  the  man 
who  is  making  and  using  it.  Generally  it  is  a  little  difficult 
to  sleek  the  blacking  on,  as  it  has  a  tendency  to  lift  with  the 
blacking  if  that  sticks  to  the  tools. 

Where  clay  wash  is  added  to  strengthen  the  sand,  the 
amount  of  new  sand  put  into  the  mixture  is  often  diminished. 
It  must,  however,  be  remembered  that  there  is  a  limit  to 
economy  of  this  kind.  Sooner  or  later  the  character  of  the 
sand  grains  in  the  mixture  will  be  so  completely  changed  that 
the  value  of  the  sand  for  moulding  purposes  will  be  destroyed. 
This  is  a  fact  that  would  necessitate  the  renewal 
of  the  floor  sand  from  time  to  time,  but  the  continual 
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admixture  of  facing  sands  from  the  moulds  keeps  it  in 
condition. 

Fresh  sand  must  be  used  from  time  to  time,  as  no  additions 
of  a  clayey  nature  can  compensate  for  the  physical  changes 
(size  and  shape  of  the  grains)  that  inevitably  occur.  In 
some  foundries  it  is  the  practice  to  add  the  clay  water  to  the 
freshly  emptied  sand,  while  still  hot,  turning  it  over  mean- 
while. 

The  amount  of  clay  added  varies.  Where  it  is  used  for 
the  specific  purpose  of  making  the  sand  hard  and  cohesive 
to  resist  the  fall  or  flow  of  metal,  clay  to  the  extent  of  1  part 
to  6  of  the  sand  mixture  (equal  parts  of  new  and  used  sand) 
may  be  employed.  The  amount  used  in  other  situations  is 
less.  Fire  clay  is  best  for  this  purpose. 

In  some  foundries  loam  is  used  in  the  dry  sand  mixture 
in  the  proportion  of  1  part  of  loam  to  10  or  12  of  the  sand. 

An  addition  of  coke  dust  in  the  proportion  of  1  to  16  to 
1  to  10  of  sand  is  sometimes  made  to  the  dry  sand  used  for  the 
teeth  of  spur  and  bevel  wheels.  For  the  former,  12  parts  each 
of  sharp  sand  and  loam  sand  (equivalent  to  red  rock),  4  of 
moulding  sand,  with  an  addition  of  1  of  coke  dust,  to  10  of 
sand,  with  1J  of  flour,  wetted  with  water,  is  satisfactory. 
Coke  dust  is  also  used  in  dry  sand  mixtures  for  cylinders  in 
the  proportion  of  1  of  coke  dust  to  14  of  the  sand. 

Testing  Sands. — It  is  not  easy  to  test  a  sand  in  a  satis- 
factory manner.  So  many  factors  which  tend  to  improve 
or  mar  it  have  to  be  considered,  and  what  would  be  eminently 
satisfactory  for  one  purpose  is  unsuitable  for  another. 

The  size  and  shape  of  the  grains  should  be  examined  by  a 
microscope.  The  effect  of  shape  has  already  been  referred  to. 
Whether  the  sand  is  coarse  or  not  can  be  judged  by  inspection, 
but  the  degree  of  coarseness  and  whether  it  is  composed  of 
grains  of  uniform  size  cannot  be  readily  ascertained  by  mere 
superficial  examination. 

Sifting  a  weighed  quantity  of  the  dried  sand  through  sieves 
of  different  mesh,  nested  together  so  that  what  passes  through 
one  falls  on  to  the  next  finer,  divides  the  sand  in  portions  of 
different  degrees  of  coarseness,  and  the  quantity  of  each  in 
the  sand  can  be  stated  as  a  percentage  of  the  whole.  This 
method  of  grading  is  useful  in  determining  the  change  in  the 
character  of  the  sand  by  contact  with  the  hot  metal,  and  the 
results  obtained  from  the  raw  sand  may  be  compared  with 
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the  results  given  by  that  from  the  casting.  A  set 
of  sieves  suitable  for  this  purpose  are  :  30's,  40's,  60's,  80's, 
and  90's.  The  nest  should  be  provided  with  a  cover,  and  the 
bottom  with  a  close-fitting  box  to  retain  the  whole  of  the 
sample.  Thus,  if  2,000  grains  (a  little  less  than  5  ozs.)  be 
taken, 

and  the   1st  sieve  retains     ...         ...     100   = 

„       2nd  „  450 

.     500 
.     300 
650 


JJ 

3rd 

,, 

J} 

4th 

„ 

)f 

box 

„ 

100 
2000 

x  100  = 

5-0  per  cent. 

450 
2000 

x  100  = 

22-5    „ 

500 
2000 

x  100  = 

25-0 

300 
2000 

x  100  = 

15-0 

650 

inn  - 

QO.K 

These  figures  can  be  compared  with  others. 
An  actual  test  made  in  the  laboratory  at  the  Manchester 
School  of  Technology  resulted  as  follows  : — 

Weight. 

Sand  retained  on          30's  sieve  ...  155      grains. 

40's     „  ...  162-5       „ 

60's     „  ...  356-5       „ 

80's     „  ...  347-2       „ 

90's     „  ...  223-2       „ 

„     passed  through  90's     „  ...  537-6 


Total  weight  of  sample     ...   1782-0       „ 

Sand  retained  by  30's  sieve  =  8-7  per  cent. 
40's  „  =,9-1 
60's  „  =20-0 
80's  „  =19-5 
90's  „  -  12-5 
„  passed  through  90's  „  =  30-2  „ 

100.0 
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A  simple  magnifier  may  also  be  used  to  ascertain  the 
size  of  the  grains  if  the  sand  be  placed  in  a  layer  a  single 
grain  thick,  on  a  place  with  Jin.  squares  drawn  on  it.  The 
number  of  grains  on  several  such  squares  can  be  counted  and 
an  average  struck. 

Much  information  as  to  the  closeness  and  other  qualities 
of  the  sand  can  be  thus  obtained. 

The  working  qualities  of  a  sand  or  sand  mixture  can  be 
to  a  considerable  extent  judged  by  the  moulder  by  com- 
pressing a  sample  in  the  hand  and  breaking  it  in  pieces.  He 
can  by  experience  tell  the  character  of  the  sand  by  the  manner 
in  which  it  breaks  and  the  force  required  to  break  it.  This  is, 
however,  at  best  only  a  rough  test,  and  requires  a  good  deal 
of  care. 

The  practice  of  ramming  up  a  straight  core  a  foot  or  so 
in  length  and  of  square  section  is  sometimes  followed.  The 
core  is  then  laid  on  a  flat  surface,  and  gradually  pushed  so 
as  to  hang  over  the  edge.  How  much  of  the  core  is  left  on 
the  table  when  the  end  breaks  off  is  a  gauge  of  the  cohesiveness 
of  the  sand.  With  more  cohesive  sand  a  shorter  length  will 
be  left.  In  this  method  of  testing  much  depends  on  the 
individual  who  rams  upt  the  cores,  and  also  upon  the  state 
of  the  sand  as  regards  moisture.  The  core  must  be 
rammed  equally  over  its  whole  length.  Harder  ramming  and 
wetter  sand  would,  of  course,  completely  upset  the  results. 
It  is,  however,  possible  to  compare  two  sands  if  the  tests 
are  done  at  the  same  time,  and  perhaps  even  if  done  at  different 
times.  Instead  of  ramming  the  core  by  hand  a  presser 
which  fits  into  the  top  of  the  core  box,  and  can  always  be 
pressed  down  to  the  same  depth,  will  insure  equality  of 
pressure  if  the  box  be  filled  evenly  (see  Fig.  57),  a  matter 
of  no  great  difficulty  if  the  surplus  sand  is  straked  off  the 
top.  An  equal  amount  of  pressure  or  number  of  pressings 
must  be  given  to  each  sample,  and  to  insure  the  bottom  being 
properly  rammed  and  leave  no  slack  place  in  the  sides  near 
the  box  the  sides  may  be  tapered  slightly.  The  sample 
thus  prepared  can  be  treated  as  before,  and  more  definite 
results  obtained. 

Moisture  in  Sand. — The  amount  of  moisture  in  a  sand 
may  be  determined  by  taking  a  weighed  sample,  say  a  couple 
of  pounds,  and  heating  it  on  a  frying  pan  over  a  coke  fire. 
It  must  not  be  allowed  to  become  too  hot,  and  if  a  facing 
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containing  coal  dust,  the  heating  must  be  very  carefully  done 
so  as  not  to  decompose  the  coal.  The  proper  temperature  in 
that  case  is  that  of  boiling  water.  The  sample  is  turned  over 
in  the  pan  with  a  palette-knife  or  cleaner,  and  to  test  whether 
it  is  dry  the  pan  is  removed  from  the  fire,  the  sand  is  heaped 
up  in  the  middle  of  the  pan,  and  a  little  hollow  made  in  the 
centre  of  the  heap.  A  perfectly  bright,  clear  piece  of  plate 
glass  is  laid  on  the  top,  left  for  a  moment,  and  removed.  If 


the  sand  is  quite  dry  the  surface  of  the  glass  will  not  be  dimmed 
by  condensed  steam.  The  sample  is  weighed  after  drying, 
and  the  loss  in  weight  is  the  water  present.  This  may  be 
calculated  to  a  percentage  of  the  weight.  Determination 
can  be  thus  made  to  ascertain  the  amount  of  water  best 
suited  to  a  sand  for  certain  purposes,  and  by  a  similar  examina- 
tion to  ascertain  by  how  much  the  sand  mixture  in  subsequent 
cases  is  lacking.  As  a  gallon  of  water  weighs  lOlbs.,  the 
quantity  required  can  be  readily  added. 


CHAPTER  IV. 

SAND-MIXING  APPLIANCES  IN  THE  FOUNDRY. 

IN  order  to  insure  uniform  results  it  is  essential  that  the 
sand  mixture  be  regular  in  composition  and  texture. 
This  can  only  be  secured  by  a  thorough  admixture  of  the 
ingredients.  It  is  necessary  that  these  shall  be  com- 
pletely pu'verised.  The  mixing  may  be  done  by  hand 
with  shovels,  riddles,  and  sieves  ;*  but  such  treatment 
is  a  waste  of  labour  and  mechanical  appliances  are 
necessary  if  much  work  is  done. 

The  sands  only  require  the  lumps  sifting  out,  unless 
used  for  loam,  when  the  lumps  get  ground  down  in  the 
mill 

Vibrating  Machines. — Fig.  58  shows  a  common  and 
convenient  type  of  sifter  for  sand.  It  consists  of  a  frame 
A  made  of  j%in.  iron  plate,  5ft.  long  and  2ft.  2  Jin.  wide 
inside  measurement.  The  frame  is  hung  from  the  rafters 
of  the  shed,  or  other  suitable  support,  by  rods  B,  hooking 
into  the  holes  of  the  suspenders  C  as  shown.  One  end  of 
the  frame  is  open,  and  an  iron  plate  D  about  12in.  wide 
forms  the  bottom  Two  rows  of  iron  bars  E  F  Jin.  diam., 
the  upper  row  4in.  above  the  lower,  pass  across  the  frame 
from  side  to  side.  Separate  sieves  G  built  on  Jin.  iron 
frames,  2ft.  2|in.  wide,  rest  on  these  bars.  Various 
sizes  of  mesh,  Jin.,  j^in.,  Jin.,  T%in.,  fin.,  Jin.,  fin.,  fin., 
lin.,  IJin.,  and  2in.  mesh,  are  obtainable.  A  series  of 
iron  breaker  bars  H  are  arranged  above  the  upper  screen 
to  break  up  and  distribute  the  sand  when  thrown  into 
the  sifter.  The  screen  is  hung  so  that  the  open  end  is  at  a 
slightly  lower  level  than  the  upper.  Motion  is  commun'cated 
by  the  crank  I  acting  on  the  strong  iron  bridge  K,  and 
driven  by  bevel-wheel  gearing  L  with  fast  and  loose 
pulleys  and  strap  fork  as  shown.  The  driving  gear  is 

*  Riddles  are  distinguished  from  sieves  by  the  size  of  the  mesh.  From 

T3?dn.  upwards  they  are  classed  as  riddles,  and  below  that  as  sieves.  The 

mesh  is  measured  from  the  centre  of  one  hole  to  the  centre  of  the  next.  Thus 
a  gin.  riddle  using  Jin.  wire  would  have  two  meshes  to  the  inch. 
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carried  by  the  bracket  M  bolted  to  the  wall  of  the  shed. 
All  lumps  that  cannot  pass  the  breaker  bars  or  screens 
are  thrown  out  in  a  heap  at  the  end.  The  motion  of  the 
crank  much  resembles  the  blow  given  in  hand  riddling, 
thus  keeping  the  sieves  clear.  It  runs  at  100  to  120 


Fr<j.  58.— COMMON  TYPK  OF  SAND  SIFTER. 

revolutions  per  minute.  The  only  difficulty  with 
machines  of  this  type  is  the  amount  of  vibration  set 
up. 

In  another  form  of  the  machine  motion  is  communi- 
cated by  means  of  a  cam  acting  on  the  back  of  the  frame. 
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Sometimes  only  coarse  screens  are  used  on  the  machine, 
and  the  mixture  is  passed  through  finer  hand  riddles 
when  transferring  to  the  barrows  or  when  being  used. 

A  self-contained  form  of  sand  sifter  is  shown  in  Fig. 
59.  It  is  arranged  to  be  driven  by  hand  or  power.  Its 
distinctive  features  are  its  portability,  so  that  it  can,  if 
necessary,  be  taken  to  any  part  of  the  foundry,  and  the 
interchangeableness  of  the  screens. 

In  foundries  provided  with  air-compressing  plant, 
pneumatic  shakers  are  much  in  use.  The  nature  of  the 
power  employed  makes  them  independent  of  shafting  and 
belts,  so  that  they  can  be  put  down  in  any  part  of  the 


FIG.  59. — SELF  CONTAINED  FORM  OF  SAND  SIFTER. 

foundry  and  used  for  any  purpose,  even  the  riddling 
and  mixing,  after  watering,  of  the  box  filling  or  floor  sand. 
Several  styles  are  on  the  market.  Some  are  made  to 
work  with  steam  direct. 

Fig.  60  shows  a  Deane  machine  with  "a  tripod 
stand  on  the  top  of  which  the  engine  A  is  supported. 
The  frame  B,  in  which  the  riddles  or  sieves  are  clamped, 
is  supported  by  the  rods  C,  the  lower  ends  of  which  are 
attached  to  the  fore-legs  of  the  tripod.  The  riddles  are 
of  the  ordinary  kind,  and  may  be  readily  changed.  These 
machines  are  sometimes  arranged  to  be  fixed  against  a 
pillar  or  wall  so  as  to  occupy  less  space.  They  are 
rapid  and  satisfactory  in  action. 

Ji 
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Machines  of  the  Drum  Type. — Rotary  sand  sifters  are 
also  extensively  employed.  They  cause  less  vibration 
than  the  oscillating  type,  and  are  equally  effective. 

For  breaking  and  coarse  screening,  an  inclined  revolving 
cylinder,  or  a  truncated  cone  with  a  horizontal  axis,  built  up 
of  Jin.  iron  bars  with  fin.  spaces  between,  may  be  employed. 
The  cylinder  is  5ft.  long  and  3ft.  in  diameter,  and  set  at 
an  angle  of  8°  to  10°.  It  is  open  at  both  ends.  The  upper 
end  of  the  frame  is  supported  by  anti-friction  wheels 
which  rest  against  a  circular  track  encircling  it.  The 
lower  end  is  carried  by  arms  from  a  boss  on  an  inclined 


FIG.  60.— DEANE  TYPE  OF  SAND  SIFTER. 

shaft  driven  by  bevel-wheel  gearing.  The  sand  is  fed 
regularly  into  the  upper  end,  a  bucket  elevator  being 
sometimes  employed.  The  machine  runs  at  20  revs,  per 
minute,  and  will  deal  with  20  to  30  tons  per  hour. 

The  Eberhardt  sand  sifter  and  mixer  is  shown  in  Fig. 
61.  It  consists  of  a  hexagonal  frame  carrying  screens 
on  each  of  its  sides,  sand  being  fed  centrally  as  shown. 
The  rapper  A,  which  is  automatically  operated  as  the 
machine  revolves,  is  provided  to  strike  the  screens,  and 
by  jarring  them  prevent  them  from  becoming  choked. 
The  machine  is  also  made  with  ajlrum  on  each  side  of 
the  support,  and  arranged-for  belt  or  electrical  driving. 
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Fig.  62  shows  Evans'  form  of  rotary  sand  sifter  of  a 
satisfactory  type.  It  consists  of  a  hexagonal  receiving 
drum,  so  tapered  as  to  discharge  the  refuse  freely.  The 
narrow  end  is  carried  on  anti-friction  wheels  on  an  en- 
circling steel  track.  Interchangeable  screens  of  different 
mesh  are  provided. 

Sand  sifters  of  this  type  require  some  care  hi  handling. 
They  become  choked  if  carelessly  fed,  and  much  damage 
is  done  to  the  screens.  The  motor-driven  ones  are 
portable. 

A 


FIG.  61.— EBERHARDT  SANI>  SIFTER  AXD  MIXER. 

Rotary  machines  of  the  drum  type  revolve  at  about 
20  revs,  per  minute.  A  higher  velocity  is  liable  to 
plaster  the  sand  on  the  screens  and  choke  them  owing  to 
the  centrifugal  force  produced. 

Centrifugal  Sand-mixing  Machines. — Fig.  63  shows  the 
principle  of  Sellers'  mixing  machine.  The  casing  A 
is  3ft.  6in.  hi  diameter  and  llin.  deep.  The  plate 
B  carried  by  the  vertical  shaft  C  carries  five  con- 
centric circular  rows  of  vertical  pins  D  bolted  through  the 
plate.  The  plate  can  be  revolved  at  1,500  revs,  per 
minute.  It  is  driven  from  the  pulley  E,  Sin.  hi  diameter. 
The  belt  from  the  pulley  on  the  line  shaft  passes  over  the 
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guide  pulleys  F.  Sand  is  fed  into  the  conical  hopper  G 
and  falling  on  the  rapidly  revolving  plate  is  whirled  off. 
In  order  to  get  off  the  plate  it  must  pass  between  the 
pins,  and  as  these  are  placed  in  alternating  positions  it 
coll  des  with  the  pins  and  gets  thoroughly  disintegrated 


FIG.  62. — EVANS'  ROTARY  SAND  SIFTKR. 


FIG.  63.— SELLERS'  CENTRIFUGAL  SAND  MIXING  MACHINE. 

and  mixed.  The  velocity  with  which  the  particles  move 
gradually  increases  as  they  move  to  the  edge  of  the  disc, 
and  they  are  finally  thrown  off  the  plate  with  considerable 
force  against  the  inside  cover,  and  fall  down.  Very 
thorough  admixture  is  obtained  with  the  minimum  of 
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friction.  This  maintains  the  roughness  of  the  sand 
grains  more  effectively  than  any  other  method  of  mixing. 

Trough  and  Pan  Mixing  Machines.— In  all  the  forms  of 
machine  hitherto  noticed  the  mixture  is  sent  through  the 
mixer  piecemeal,  and  there  is  always  the  possibility  of 
differences  existing  between  the  successive  portions. 
Of  course,  with  proper  preliminary  mixing  on  the  floor 
prior  to  going  to  the  machine,  this  can  be  overcome. 

The  Boston  mixer,  shown  in  Fig.  64,  is  a  trough 
mixing  machine  in  which  the  ingredients  are  charged  into 
the  trough  A  and  mixed  by  the  beater  B,  driven  by  the 
pulley  and  gearing  C.  When  the  mixture  is  complete, 
the  pan  can  be  turned  over  and  its  contents  discharged. 


FKI.  64.— BOSTON  SA\I>  MIXING  MACHIXE. 

Mixers  of  this  type  are  good,  and  specially  suited  to  the 
incorporation  with  the  sand  of  a  fluid  constituent  or 
finely-divided  matter.  It  insures  the  proper  distribution 
of  the  added  material,  and  blends  it  completely  with  the 
whole  mass,  without  producing  an  undue  amount  of  friction 
and  impairing  the  quality  of  the  sand.  Fig.  65  shows  an 
installation  of  plant  in  which  these  mixers  are  used. 

Edge-runner  or  Pan  Mill. — In  ordinary  foundry  practice 
this  type  of  machine  is  used  to  a  greater  extent  than  any 
other  for  breaking  up  the  rock  and  sand  and  for  grinding 
loam. 

They  may  be  divided  into  two  kinds  :  (1)  Those  in 
which  the  pan  revolves  and  the  axis  carrying  the  edge 
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runners  is  stationary  ;  (2)  those  in  which  the  pan  is 
stationary  and  the  axis  carrying  the  edge  runners  revolves. 
The  former  consists  of  a  circular  pan  so  mounted  that 
it  can  be  revolved  by  means  of  spur  or  bevel  wheel  gearing 
underneath  or  over  the  pan.  The  runners  are  carried  by 
a  horizontal  axis  the  ends  of  which  pass  into  blocks  which 
may  slide  vertically  in  grooves  in  the  side  frame  of  the 
machine,  and  thus  automatically  adjust  the  height  to  the 
thickness  of  material  in  the  pan.  Scrapers  to  direct  the 
material  under  the  runners  are  also  provided.  As  the  pan 


FIG.  65.— INSTALLATION  OF  SAND  MIXING  PLANT. 

revolves  the  rollers  are  caused  to  rotate  by  friction  with  the 
bottom.  Materials  charged  into  the  pan  are  carried 
underneath  the  rolls,  which  by  the  pressure  they  exert 
crush  it,  while  the  scrapers  turn  it  over  and  present  fresh 
material  to  the  action  of  the  rolls.  The  material  must  be 
removed  from  the  pan  by  spades  while  the  mill  is  in 
motion. 

In  mills  of  the  second  type,  the  pan  is  mounted  (see 
Fig.  66)  on  a  suitable  frame.  A  vertical  shaft  passes 
through  the  boss  in  the  centre  of  the  pan,  and  is  revolved 
by  bevel-wheel  gearing  under  the  pan.  The  horizontal 
axes  on  which  the  runners  revolve  are  carried  by  a  square 
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block  which  rests  on  the  vertical  axis  in  such  a  manner 
as  to  be  turned  by  it  but  still  allow  of  its  rising  and  falling 
with  the  varying  thickness  of  material  over  which  they 
pass.  This  central  block  also  carries  the  ploughs  or 
scrapers  which  turn  over  the  material.  When  the 
machine  is  in  motion,  the  runners  are  driven  round  and 
round  the  pan,  being  caused  to  roll  over  the  material 
by  friction.  The  mill  shown  is  self -emptying. 

In  all  such  mills  the  track  over  which  the  rollers 
move,  as  also  the  surfaces  of  the  rolls  themselves,  should 
be  hard  (chilled).  The  runners  are  generally  built  up  so 
that  the  outer  shell  can  be  removed  and  replaced,  and  the 


FIG.  66.— PAX  GRINDING  MILL. 

hole  in  the  centre  is  bushed  on  account  of  the  excessive 
wear.  It  thus  becomes  easy  to  repair  and  renew  working 
parts  without  discarding  the  whole  roll.  The  track  of 
the  pan  is  also  sometimes  made  in  sections  bolted  to  the 
pan,  and  is  renewable. 

The  rolls  are  built  up  in  various  ways.  They  may  be 
hollow,  solid,  or  have  the  sides  lightened  out  according  to 
requirements. 

Edge-runner  mills  have  a  great  tendency  to  rub  as  well 
as  crush  the  material.  This  is  due  to  the  fact  that  the 
runners  have  a  broad  face,  varying  from  Gin.  to  12in.  broad. 
When  the  pan  or  the  axis  revolves  the  runner  turns  as  a 
whole.  With  a  roll  1ft.  wide  the  circumference  of  the  circle 
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described  by  the  outer  edge  is  more  than  6ft.  longer  than 
that  described  by  the  inner  edge,  and  as  the  roll  revolves  as 
a  whole  either  one  side  must  revolve  quicker  or  the  other 
slower  than  the  pan  surface,  giving  rise  to  friction  between 
the  roller  and  the  pan.  This  grinding  action  has  a  ten- 
dency to  round  the  edges  of  the  grains  considerably 

There  is  a  greater  or  less  tendency  to  make  the  sand 
into  cakes.  These  if  left  in  are  likely  to  make  the  casting 
scab,  and  produce  blow  holes.  Where  this  tendency  is 
exhibited  it  is  necessary  to  riddle  the  milled  sand,  or  bad 
work  will  result. 

To  reduce  this  tendency  various  plans  have  been 
adopted.  Sometimes  the  runner  is  divided  into  separate 


FIG.  67. — PAN  GRINDING  MILL. 

discs  capable  of  revolving  separately.  A  similar  effect 
with  more  rapid  mixing  is  obtained  by  the  mill  shown  in 
Fig.  67.  The  breaking  up  of  the  roll  surface  reduces  the 
grinding  action,  but  in  combination  with  the  deeper 
pan  insures  more  rapid  mixing. 

There  is  little  tendency  to  cake,  and  a  good  uniform 
mixture  is  insured. 

Sand  mills  of  the  above  type  are  made  with  pans 
varying  from  3ft.  to  6ft.  in  diam.  and  rolls  varying  from 
3ft.  6in.  in  diameter,  with  a  12in.  face  and  weighing 
30  cwts.  each,  to  rolls  1ft.  6in.  in  diameter  with  a  6in.  face, 
and  weighing  only  3  cwts.  each. 


CHAPTER   V. 

FOUNDRY  BLACKINGS  AND  PARTINGS. 

BLACKING  the  surface  of  a  mould  is  more  or  less  necessary 
according  to  circumstances.  The  object  is  to  prevent  the 
metal  from  coming  into  actual  contact  with  the  sand,  thus 
preventing  it  from  penetrating  into  the  pores  of  the  sand 
and  becoming  sand  burnt.  In  the  common  language  of  the 
foundry,  its  office  is  to  peel  the  casting  and  produce  a  satis 
factory  skin.  Substances  employed  for  the  purpose  must 
be  of  equal  or  greater  refractoriness  than  the  general 
moulding  material,  and  in  most  cases  are  selected  with  a 
view  to  producing  other  beneficial  effects.  The  nature  of 
the  mould  usually  determines  the  method  of  application. 

Most  blackings  are  made  with  a  basis  of  carbon  in  some 
form  or  other  to  insure  refractoriness,  and  for  use  in  the  wet 
state  some  adhesive  is  used,  clay,  gum,  treacle,  and  other 
substances  being  mixed  with  the  water  used.  All  blackings 
must  be  sufficiently  porous  to  avoid  closing  the  pores  of  the 
mould,  and  the  thickness  employed  and  the  amount  of  sleek- 
ing or  other  treatment  must  be  regulated  accordingly. 

Charcoal  Blacking.*— This  consists  of  ground  charcoal 
made  from  oak  and  other  heavy  woods.  That  from  oak 
is  best  if  properly  made.  The  qualities  of  charcoal  depend 
very  greatly  on  the  manner  in  which  it  is  made.  The 
densest  is  most  suitable  for  blacking.  In  the  unground 
state  it  should  have  a  bright  black  lustre  ring  like  pinewood, 
and  should  not  soil  the  hands.  Dull-looking,  dirty  charcoal 
is  always  light,  and  is  easily  burnt  off  the  face  of  the  mould. 
It  is  of  little  use  for  blacking. 

Analysis  of  wood  charcoal  after  storing  : — 

Moisture  and  occluded  gases      10  to  14  per  cent. 

Volatile  matter 10  to  15 

Fixed  carbon     ..          ..          ..70  to  75         ,, 

Sulphur. .  ...  .Traces. 

Ash         . .          . .          . .          . .  3  to  4  per  cent. 

Sp.gr 1-5  to  2       „ 

*  Charcoal  is  the  residue  of  carbon  left  when  wood  is  heated  out  of  contact 
with  the  air. 
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Usually  charcoal  retains  some  small  amount  of  the  gaseous 
constituents  of  the  wood,  and  in  any  case  on  account  of  its 
great  absorbent  power  for  gases  contains  (that  is  with  regard 
to  its  bulk)  a  considerable  quantity  of  gas.  This  increases 
its  efficacy,  as  when  the  hot  metal  comes  into  contact  with  it 
the  gas  is  expelled,  probably  the  oxygen  present  (absorbed 
from  the  air)  combines  with  and  burns  some  of  the 
carbon,  producing  carbonic  acid  and  carbon  monoxide  gases. 
These  gases  intervene  between  the  hot  metal  and  the  sand 
just  at  the  critical  moment  when  the  hot  metal  first  comes 
into  contact  with  the  mould  face.  They  fill  the  pores  and 
prevent  the  metal  from  entering  them,  and  also  form  a  kind 
of  gliding  surface  up  which  the  metal  moves  without  adhesion 
to  the  sand,  while  if  its  character  be  satisfactory,  no  veining, 
streakiness,  or  cold  shorts  due  to  excess  of  gas  will  be  found 
on  the  surface.  This  insures  the  satisfactory  peeling  of 
a  casting.  Further,  gases  are  the  worst  conductors  of  heat, 
and  the  thin  film  of  gas  referred  to  protects  the  surface  of 
metal  in  contact  with  the  mould,  and  prevents  it  from  being 
chilled  and  its  free  movement  arrested,  during  casting. 
Charcoal  blacking  is  most  suitable  for  green  sand  moulds. 
On  dry  sand  and  loam  moulds,  the  ease  with  which  it  burns 
makes  it  less  suitable,  as  in  the  stove  it  is  liable  to  be  burnt 
off  the  surface. 

Charcoal  made  from  peat  prepared  in  a  special  manner 
has  been  used  with  some  degree  of  success.  Charcoal  blacking 
must  be  stored  with  care,  as  it  ignites  readily.  A  chance 
spark  is  sufficient.  To  overcome  the  difficulties  arising  from 
the  ready  ignition  and  burning  of  charcoal,  various  bodies 
have  been  substituted. 

Gas  Carbon. — This  is  the  hard  residue  found  on  the 
inside  of  gas  retorts  produced  by  the  escaping  gas  coming  into 
contact  with  the  heated  surface  of  the  retort.  A  growth 
of  carbon  thus  accumulates,  layer  on  layer.  It  is  of  a  dense, 
graphitic  character,  and  in  fact  differs  little  from  graphite. 
When  finely  ground  it  produces  a  good  blacking  material, 
but  is  generally  inferior  to  plumbago.  This  is  not  uncommonly 
due  to  admixture  with  other  materials  during  its  preparation. 
It  does  not  give  off  gas  when  heated,  like  charcoal,  and  does 
not  sleek  so  easily  as  blacklead,  but  does  not  lift.  On  the 
other  hand  it  burns  only  a  little  more  readily  than  plumbago, 
for  adulterating  which  it  is  sometimes  used.  The  pure 
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material  contains  practically  no  ash.     It  sometimes  is  sold  as 
carbon  blacking,  and  erroneously  as  mineral  carbon  blacking. 

Coke  Dust. — Finely  ground  coke  dust,  either  alone  or 
in  admixture  with  other  materials,  makes  a  good  blacking. 
The  coke  must  be  of  good  quality,  practically  free  from 
sulphur,  and  containing  as  little  ash  as  possible.  It  must  be 
well  ground  and  sifted.  Bright,  hard,  furnace  coke  is  best 
suited  for  the  purpose.  It  is  a  little  inferior  to  gas  carbon  in 
all  respects. 

Anthracite  Coal  Dust. — Anthracite  is  the  most  altered 
form  of  coal,  and  consists  of  upwards  of  90  per  cent,  carbon 
and  only  about  5  per  cent,  of  gaseous  constituents.  It  ignites 
and  burns  with  difficulty.  In  burning,  pieces  of  anthracite 
crackle  and  break  up.  The  body  has  a  bright  black  colour. 
Some  varieties  have  a  brilliant  semi -metallic  appearance — 
Lehigh  coal  is  of  this  class.  It  will  be  seen  that  it  possesses 
most  of  the  necessary  qualities  for  blackings  for  castings  of 
medium  to  heavy  weights.  It  requires  to  be  ground  very 
finely,  and  is  best  suited  for  use  in  wet  blackings  sleeked  up 
with  plumbago. 

Ordinary  coal  is  unsuitable  for  blacking  the  face  of  a 
mould  owing  to  the  gases  evolved.  These  would,  if  it  were 
used  dry,  lift  it  from  the  sand  and  cause  it  to  run  before 
the  metal.  If  used  with  an  adhesive,  the  tendency  to  lift  the 
blacking  in  flakes  and  scab  the  casting  makes  it  totally  un- 
satisfactory. 

Patent  Blacking  is  a  very  wide  and  comprehensive  term. 
One  of  the  substances  used  in  its  production  is  OIL  COKE. 
This  is  a  carbonaceous  residue  produced  by  the  rapid  heating 
of  certain  oils  of  the  paraffin  type;  either  during  distillation 
or  in  other  processes.  It  is  a  hard,  glistening  form  of  pure 
carbon  of  a  very  dense  character.  It  is  almost,  if  not  quite, 
as  incombustible  as  plumbago,  but  when  ground  does  not 
possess  the  same  degree  of  slipperiness  and  is  consequently 
less  easy  to  sleek. 

It  is,  however,  extensively  used  under  the  name  of  Patent 
Scotch  Blacking,  and  is  applied  to  moulds  of  all  kinds  for 
almost  all  classes  of  work  and  for  different  metals. 

Smoking  the  surface  of  very  small  moulds  with  a  candle  or 
lamp  flame  is  sometimes  resorted  to  where  it  is  absolutely 
impossible  to  touch  the  face. 
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Coal  Dust,  &c.,  is  ground  in  ball  mills,  or  in  some  mill  of  an 
enclosed  type  to  prevent  the  escape  of  dust.  The  powder  is 
graded  to  suit  different  weights  of  castings.  It  is,  as  previously 
noted,  used  as  an  addition  to  the  sand  in  green  sand  moulding. 
Its  effect  in  making  the  sand  more  refractory  by  the  distilla- 
tion of  the  gas,  and  of  increasing  the  porosity  caused  by  its  con- 
traction and  burning  when  heated  by  contact  with  the  hot 
metal,  as  well  as  the  facility  with  which  it  peels  the  casting, 
has  already  been  noted.  In  some  cases,  it  is  practically  the 
only  blacking  employed.  The  term  sea-coal  facing  refers 
merely  to  ordinary  coal  dust.  Good  gas  coal  is  the  most 
suitable  quality,  but  cannel  and  stone  coal  are  often  used. 
The  coke  from  such  coals  varies  from  50  to  70  per  cent,  of  the 
coal.  They  should  be  free  from  sulphur,  or  a  hard  white  skin 
may  be  produced  on  the  casting  either  locally  or  extending 
over  the  surface.  Coals  containing  from  1  to  1-5  per  cent, 
of  sulphur  are  used,  and  up  to  12  per  cent,  of  ash.  The 
amount  of  ash  often  forms  a  guide  to  the  quality  of  coal  used. 
High  ash  generally  points  to  the  use  of  unwashed  slack 
and  carbon,  or  of  inferior  slaty  coal.  In  many  such  cases  the 
sulphur  will  be  high. 

Plumbago,  Black  Lead,  or  Graphite.— This  substance  is  too 
well  known  in  the  powdered  form  in  the  foundry  to  require 
description.  It  is  a  mineral  product,  and  occurs  in  Cumber- 
land, Spain,  Mexico,  Ceylon,  Siberia,  Germany,  France, 
U.S.A.,  and  Canada  in  varying  degrees  of  purity,  in  slaty, 
gneissoid,  and  other  very  much  altered  rocks.  Its  uses  are 
not  confined  to  foundry  blacking,  but  it  is  also  used  for  making 
blacklead  pencils,  as  a  lubricant,  and  as  stove  blacking. 
The  pure  substance  is  a  form  of  carbon,  and  is  infusible.  Its 
peculiar  characters  are  due  to  the  fact  that  it  is  a  crystalline 
form  of  the  element,  the  crystals  being  six-sided  plates. 

It  is  much  more  difficult  to  burn  than  charcoal,  coal, 
&c.,  and  its  superiority  over  these  substances  is  due  largely 
to  that  cause.  The  "  greasiness  "  of  its  nature  makes  it 
easy  to  sleek  on,  the  tools  moving  readily  over  it  without 
adhesion.  For  this  purpose  it  is  sometimes  dusted  over  wet 
blacking  to  prevent  the  blacking  sticking  to  the  tools.  Pure 
powdered  plumbago  will  not  become  plastic,  although  some 
kinds  will  adhere  together  when  moistened,  nor  will  it  stick 
firmly  together  after  the  mass  is  dried,  but  crumbles  at  a 
touch.  All  kinds  of  the  mineral  are  not  equally  suitable  for 
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use.  The  finest  qualities  are  only  used  for  making  pencils. 
That  best  suited  for  making  foundry  blacking  is  of  a  scaly 
character,  and  has  a  brilliant  metallic  flaky  appearance, 
which  breaks  into  small  fine  spangles.  In  the  grinding,  this 
method  of  separation  continues,  so  a  flaky  powder  is  the 
result.  From  some  localities  graphite  contains  a  considerable 
amount  of  oxide  of  iron  and  other  inorganic  matters,  but  good 
samples  do  not  contain  more  than  25  per  cent.,  and  generally 
less. 

Plumbago  is  adulterated  to  a  very  great  extent  with 
other  forms  of  carbon,  soapstone  and  other  substances.  Some 
of  these  are  not  easy  to  detect,  but  the  way  a  small  portion 
burns  when  heated  on  an  iron  plate,  and  the  amount  and  nature 
of  the  residue,  give  some  indication  of  its  purity.  Graphite  only 
ignites  and  burns  with  difficulty.  The  ash  is  a  light,  fluffy 
powder,  generally  of  a  reddish  colour.  Added  inorganic 
matters  leave  dense  powdery  residue  of  particles  practically 
of  the  same  size  as  the  original  grains  of  the  blacking. 
A  magnifying  glass  must  be  used  to  distinguish  this.  The 
colour  of  the  residue  will  depend  on  the  nature  of  the  addition. 
Some  blacking  manufacturers  grind  together  the  whole  of  the 
material  from  the  mine — plumbago  and  matrix.  This  gives 
a  product  exactly  like  a  pure  graphite  mixed  with  inorganic 
(stony)  mineral  matter.  When  the  graphite  is  adulterated 
with  ground  coke  and  other  forms  of  carbon,  the  ignition  is 
generally  more  readily  effected,  and  the  burning  more  rapid. 
There  are,  however,  one  or  two  substances  to  which  this  does 
not  apply.  Graphite  is  prepared  in  various  degrees  of  fineness. 
It  is  applied  dry,  being  dusted  over  the  mould  (greensand),. 
and  sleeked  on  with  the  trowel,  or,  in  light  ornamental  work, 
with  a  camel-hair  brush  and  the  excess  blown  out. 

It  is  used  either  alone  or  in  admixture  like  ordinary  wet 
blackings,  or  may  be  dusted  over  the  usual  blacking  while 
wet.  This  enables  it  to  be  finished  quickly  and  with  less 
likelihood  of  the  tools  lifting  or  starting  the  blacking,  thus 
shortening  the  operation  and  reducing  the  probability  of 
blistering  the  blacking  and  scabbing  the  casting.  The  im- 
provement in  the  appearance  of  the  castings  needs  no  comment. 
The  fine  skin  and  in  many  cases  brilliant  appearance 
eloquently  testify  to  its  efficiency  as  a  blacking  material. 

Inferior  qualities  of  natural  graphite  may  contain  as 
little  as  30  to  65  per  cent,  of  graphite,  and  unscrupulous  manu- 
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facturers,  taking  advantage  of  this  and  of  the  high  polishing 
power  of  plumbago,  add  foreign  matters  and  sell  as  natural 
graphite.  The  addition  of  coke  dust  is  also  common,  as  the 
ordinary  test  of  burning  off  the  carbon  and  weighing  the  residue 
does  not  detect  the  fraud.  The  presence  of  coal  dust  and 
anthracite  may  be  detected  by  shaking  a  little  of  the  powder 
with  acetone  in  a  test  tube.  Ordinary  coal  imparts  a  brown 
colour  to  the  solution,  and  anthracite  a  faint  brown  colour. 
A  mixture  of  acetic  acid  and  sulphuric  ether  produces  the 
same  results. 

The     quantity    of     coal     can    only    be     judged     very 
indefinitely  from  the  loss  in  weight  on  heating  a  dry  sample, 
due  to  the  expulsion  of  the  gaseous  elements.     A  glance  at 
the  analyses  given  below  will  make  this  self-explanatory. 
GRAPHITE — (Commercially  pure). 

Loss  on  ignition     0'  6     to  0-  8  per  cent. 

Fixed  carbon 94       to     97     „       „    . 

Sulphur Traces. 

Ash. 2-5     to       5     „ 

Sp.gr 2-25  to  2-3     „ 

GAS  COAL. 

Volatile  matters     35  to  50  per  cent. 

Fixed  carbon 40  to  65     „ 

Sulphur 0-  5  to  1  •  5  „ 

Ash 5  to  20     „       „ 

ANTHRACITE  DUST. 

Moisture     traces  to  2  per  cent. 

Volatile  matter      4       to  7       ,,       ,, 

Fixed  carbon 86       to  92     „       „ 

Sulphur 0- 5  to     1  •  5,, 

Ash 3-0  to  10     „       „ 

Sp.gr 1-56  to  1-59,, 

Anthracite  culm  often  carries  a  larger  proportion  of  ash 
and  a  correspondingly  smaller  percentage  of  fixed  carbon. 
The  ash  may  reach  20  per  cent. 
COKE  DUST. 

Moisture     0'  1  to     0*2  per  cent. 

Volatile  matters     0'  5  to     2'0     „ 

Fixed  carbon 83-0  to  90         „       „ 

Sulphur 0-4  to     1-3     „       „ 

Ash 5-0  to  13-0     „       „ 

Sp.gr.     .. 1-8  to     1-9     „       „ 
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GRAPHITE. 
A  graphite  facing  sold  for  "  stove  plate  "  contained  :— 

Moisture     1  •  75  per  cent. 

Volatile  matter 5-  29     „       „ 

Fixed  carbon 56-1       „       ,, 

Sulphur 0-2      „ 

Ash 37'66     „       „ 

Sp.gr 2-363,,       „ 

It    was    the    "  mine    run "    of     the     material,    including 
matrix. 
The  37-66  per  cent,  of  ash  consisted  of— 

Silica       25-6     per  cent. 

Alumina 5-25     ,,       „ 

Oxide  of  Iron 4-94     „ 

Lime   1-07     „ 

Magnesia        0-8 

A  green  sand  facing  (cheap)  contained  :— 

Moisture     0-  45  per  cent. 

Volatile  matter     5-75     „       „ 

Fixed  carbon 41-49     „       „ 

Sulphur 0-62     „       „ 

Ash 51-69     „       „ 

Sp.gr 2-489  „       „ 

The  51-69  per  cent,  of  ash  consists  of  :— 

Silica 32- 13  per  cent. 

Alumina 2-  77     „ 

Oxide  of  Iron 6-  78     „ 

Lime 1-69     „ 

Magnesia    8-32     „ 

*  The  sample  was  said  to  contain  25  per  cent,  of  soapstone. 
The  detection  of  anthracite  and  coke  dust  in  admixture 
with   graphite    in  facings  is  difficult,  owing  to  the  fact  that 
they  give  little  volatile  matter. 

Speaking  generally,  coke  dust  settles  when  sprinkled  into 
water,  while  graphite  and  coal  dusts  float.  A  microscopic 
examination  also  reveals  the  presence  of  the  coal  dust  by  the 
character  of  the  grains.  According  to  Mr.  W.  G.  Scott,  coal 
dust  of  any  kind,  i.e.,  anthracite,  coal,  and  charcoal,  may  be 
detected  in  the  facing  by  boiling  0-5  gram  with  50  cc.  of  strong 
nitric  acid  for  10  minutes,  adding  0-3  gram  of  chlorate  of 
potash  and  boiling  for  a  prolonged  period  till  the  chlorine 

*  W.  G.  Scott,  A.P.A.,  Convention,  New  Tork,  June,  1905. 
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is  expelled.  Coals  give  an  amber-brown  solution,  more  or  less 
deep  in  colour  according  to  the  amount  and  character  of  the 
coal.  Soft  coals  give  a  deeper  colour  than  charcoal  and  an- 
thracite. Graphite,  if  free  from  oxide  of  iron,  gives  no  colora- 
tion. If  iron  be  present,  the  solution  will  be  yellow. 

The  difference  between  a  solution  coloured  by  iron  and 
by  the  coal  may  be  shown  by  adding  stannous  (tin)  chloride 
to  the  solution.  The  iron  solution  is  decolorised,  but  that 
coloured  by  coal  is  not  affected  or  becomes  deeper  in  colour, 
in  some  cases  nearly  black.  Mr.  Scott  states  that  the  amount 
present  may  be  determined  by  comparing  the  depth  of  colour 
produced  by  anthracite  and  the  sample. 

Various  Substances  of  a  Non-carbonaceous  character  are  in 
use  to  a  greater  or  less  extent.  These  all  consist  of  mineral 
substances  of  a  refractory  character  that  can  be  reduced  to  a 
flaky  or  fibrous  condition  when  ground.  Some  contain  more 
or  less  water  in  their  composition. 

Soapstonc,  Talc,  Steatite,  French  Chalk. — This  substance  is 
sold  as  a  white  powder  with  more  or  less  of  a  silvery  pearly 
appearance  when  rubbed  between  the  fingers.  It  feels  very 
soapy,  hence  its  name.  It  is  used  by  tailors  for  marking 
cloth,  and  in  sticks  sawn  from  the  block  is  the  best  kind  of 
chalk  for  marking  on  hot  iron.  Soapstone  is  a  hydrated 
silicate  of  magnesia,  and  consists  of  magnesia  33 -5  per  cent., 
silica  62*8  per  cent.,  and  water  3' 7  per  cent.  It  occurs  in 
various  forms.  The  flaky  variety  known  as  talc  is  best  suited 
for  foundry  purposes.  Finely  ground  and  dusted  on  it 
may  be  used  like  plumbago.  It  sleeks  well  when  used  dry,  and 
is  not  inferior  in  many  respects  to  plumbago.  It  must  not  be 
used  in  admixture  with  clay  as  a  wet  "  blacking,"  and  in 
sands  of  a  more  than  usually  clayey  character  it  is  not  safe 
with  specially  hot  metal.  Under  ordinary  circumstances 
it  is,  however,  safe.  It  has  the  advantage  of  being  visible  in 
parts  of  the  mould  that  are  badly  lighted,  and  in  which  it 
would  be  difficult  to  see  whether  a  black  material  had  covered 
the  surface.  In  dull  weather,  and  for  night  work,  this  property 
is  a  special  advantage.  It  is  sold  under  various  fancy  trade 
names,  and  is  also  very  largely  used  by  brassfounders.  It  is 
hardly  necessary  to  remark,  having  regard  to  its  composition, 
that  it  does  not  burn  or  give  off  gas.  It  does,  however,  lose  its 
water  when  heated.  It  has  been  suggested  that  it  should  be  used 
instead  of  coal  dust  in  facings.  This  is,  however,  scarcely 
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satisfactory,  for  it  lacks  the  advantages  resulting  from  the 
heating  and  burning  of  the  coal  dust.  It  does  open  up  the 
sand  and  make  it  more  porous.  As  a  facing  (blacking)  it  is 
specially  useful  in  making  light,  thin,  flat  castings  and  hollow- 
ware.  Properly  used  it  gives  a  good  skin,  but  has  the  objec- 
tion of  whitening  it  when  used  alone. 

Analysis  of  Soapstone  :— 

Silica 51    to  63  per  cent. 

Alumina traces  ,,    5  ,,  ,, 

Oxide  of  iron      ,,  ,,9  „  ,, 

Lime   ,,  „    2  .,  ,, 

Magnesia    27  ,,35  ,,  ,, 

Water 1  „     8  „  „ 

Asbestos. — The  use  of  this  material  in  a  finely -powdered 
form  has  been  suggested.  The  varieties  used  are  of  a  quality 
not  suitable  for  asbestos  goods.  The  substance  is  a  silicate 
of  magnesia  generally  containing  little  or  no  water.  Oxide 
of  iron  and  lime  are  sometimes  present.  Its  fire-resisting 
qualities  are  well  known.  Asbestos  approximating  to  pure 
silicate  of  magnesia  is  most  refractory.  The  material  may  be 
used  alone  or  with  soapstone.  It  can  be  used  wet  if  properly 
ground,  with  a  dusting  of  soapstone  to  sleek  it  on  with. 

Mixtures  of  the  above  with  plumbago  are  used  under 
various  names. 

Blacking  Mixtures. — Plumbago  and  other  blackings  are 
often  used  dry,  being  dusted  over  and  sleeked  or  brushed 
in.  This  is  common  on  green  sand  moulds.  On  dry  sand 
and  loam  moulds  the  blacking  is  made  into  a  wash  and  applied 
wet.  Various  substances  are  used  to  make  it  adhere  and 
allow  it  to  be  spread. 

The  substances  commonly  used  are  clay  wash,  flour, 
starch,  molasses  water,  core  gum,  oil,  beer,  and  beer  grounds. 

Too  much  clay  closes  the  pores  of  the  mould  on  the  face, 
and  is  likely  to  make  the  blacking  chip  off  the  surface  of  the 
mould  when  filled,  and  produce  scabs.  Good  blacking  should, 
when  made  into  a  paste  and  dried,  adhere  together  and 
resist  an  attempt  to  rub  it  to  powder.  It  should,  however, 
produce  some  dust.  Too  little  of  an  adhesive  will  cause  the 
blacking  to  run  before  the  metal,  and  produce  a  bad-coloured 
and  unsatisfactory  casting. 

Ki 
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Prepared  blackings  must  be  examined  to  ascertain  if 
they  contain  sufficient  clay  without  further  addition.  Below 
are  given  a  few  mixtures  of  a  satisfactory  kind. 

The  action  of  the  other  materials  in  fixing  the  blacking  is 
similar  to  their  action  in  core  sand,  and  need  not  be  further 
referred  to. 

Molasses  water  is  a  good  vehicle  for  blacking  ;  one  part  of 
treacle  in  25  to  30  of  water  is  a  satisfactory  amount  to  use. 
Most  blackings  are  ready  prepared,  and  some  are  used  quite 
alone,  without  admixture. 

For  heavy  work  a  mixture  of  1  part  of  coke  or  anthracite 
blacking  may  be  mixed  with  half  its  volume  of  blacklead,  and 
wet  with  treacle  water,  coloured  with  fireclay. 

For  lighter  work,  such  as  cylinders,  an  addition  of  a  half 
volume  of  charcoal  blacking  may  be  made,  and  the  amount 
of  clay  reduced. 

Equal  parts  of  coke,  or  anthracite  blacking  and  plumbago 
mixed  with  oil,  gives  a  good  skin  and  is  easy  to  finish. 

A  mixture  of  pure  graphite  and  soapstone  in  equal  parts 
makes  a  good  dry  facing. 

Pure  graphite  is  best  for  light  work  and  thin  castings. 

Core  gum  and  beer  may  be  substituted  for  the  molasses 
water  in  mixing  blackings. 

Parting  Materials. — Sharp  sand,  high  in  silica  and  fine 
in  texture,  is  the  material  commonly  used  as  "  parting  sand." 
The  silica  is  best  in  rounded  grains.  It  does  not  adhere  to 
the  mould,  and  thus  allows  separation  of  the  parts  to  he 
effected.  Burnt  sand  is  also  used.  Charcoal  powder  is 
sometimes  used.  It  also  has  no  binding  power. 

Lycopodium  is  fine  dust  consisting  of  the  spores  of  certain 
mosses.  It  is  exceptionally  light,  and  does  not  readily 
become  wetted.  It  is  used  on  particular  work  for  making 
exceptionally  fine  joints  in  intricate  moulds,  and  on  deep 
partings,  but  is  expensive. 

"  Mill  dust  "  is  the  fine  dust  from  the  tumbling  barrels  in 
malleable-iron  foundries.  The  dust  is  wetted  with  a  little 
crude  paraffin  (fuel  oil)  and  ignited.  The  grains  are  left- 
coated  with  a  thin  film  of  carbon  resembling  plumbago.  It 
makes  a  very  good  parting  material. 


CHAPTER  VI. 

MOULDING  TOOLS  AND  APPLIANCES. 

IT  is  not  intended  to  deal  here  with  general  foundry 
equipment.  That  will  receive  attention  later.  A  brief 
consideration  of  such  tools  as  are  generally  used,  and 
without  which  it  is  impossible  to  carry  out  even  a  simple 
operation,  is  all  that  is  at  present  contemplated. 

Flasks  and  Boxes. — Few  moulds,  except  those  of  simple 
objects  or  for  very  rough  work,  are  made  open  at  the  top. 
The  cooling  effect  of  the  air  on  the  metal  as  the  mould 
is  filled  would,  if  no  other  cause  existed,  chill  the  surface 
and  prevent  a  satisfactory  skin  being  obtained  on  the 


FIG.   68.— ORDINARY   RECTANGULAR  TWO-PART   Box. 

upper  face,  and  in  many  cases  on  the  sides  too.  The 
absence  of  pressure  in  such  moulds — that  is,  pressure 
produced  by  the  gate  greater  than  the  atmosphere — also 
prevents  the  top  from  receiving  the  sharpness  of  outline 
that  is  desirable,  a  drawback  extending  to  the  upper  part 
of  deeper  moulds  cast  without  a  cope.  For  these  and 
other  reasons,  such  as  the  proper  distribution  and  placing 
of  gates,  &c.,  even  those  moulds  that  are  made  in  the 
sand  bed  of  the  foundry  floor  are  covered  with  at  least  a 
flat  sand  face  enclosed  in  a  flask.  The  moulds  for  small 
and  intricate  objects,  large  symmetrical  objects  of 
moderate  weight,  and  those  in  which  the  position  in 
which  the  mould  was  made  has  to  be  changed  for  casting, 
are  generally  made  entirely  in  boxes.  By  this  means 
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better  facilities  for  ramming  suitably  in  all  parts,  the 
insertion  of  cores,  and  the  mending  and  venting  of  the 
mould  are  secured. 

Flasks  or  boxes  consist  of  frames  of  wood,  iron, 
with  or  without  crossbars,  and  unless  used  simply 
as  covers  for  moulds  in  the  floor  are  provided  with 
means  by  which  they  can  be  accurately  fitted 
together.  This  permits  of  the  mould  being  so  divided — 
parted — as  to  allow  the  parts  to  be  separated  in  order 
to  remove  the  pattern,  and  again  accurately  put  together 
for  the  reception  of  the  metal.  The  accuracy  with  which 
these  parts  fit  is  therefore  of  importance,  as  any  displace- 


FIG.  69. — BOX  FOR  CYLINDRICAL  WORK. 

ment  of  the  parts  will  produce  inequalities  on  the  surface 
and  in  the  thickness  of  the  casting. 

The  qualities  required  in  a  foundry  flask  are  :  Strength, 
rigidity,  no  tendency  to  warp  or  wind,  means  of  accurately 
fitting  parts  together,  retention  and  support  of  sand, 
lightness,  and  interchangeability  of  box  parts.  Other 
considerations  also  influence  the  facility  of  handling  and 
general  convenience.  Wood  and  iron  are  principally  used 
in  the  construction.  Hard,  strong  woods,  such  as  oak 
and  cherry,  are  preferred  ;  but  spruce  is  sometimes  used. 
Wooden  boxes  of  modern  manufacture  are  fitted  with 
iron — usually  malleable  cast-iron — fittings.  Speaking 
generally,  wood  boxes  are  not  satisfactory.  The  effect 
of  the  moisture  and  drying,  even  on  pickled  timber 
unless  relatively  strong  for  the  size  of  the  flask,  leads  in 
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time  to  the  winding  of  the  box  or  to  its  becoming  less 
rigid,  while  the  rough  usage  soon  destroys  all  pretence 
to  rigidity. 

(a)  Strength.  This  needs  no  comment. 
(6)  Rigidity.  Boxes  must  be  rigid  to  prevent  move- 
ment while  being  lifted  and  handled.  Any  twist- 
ing or  yielding  may  crack  the  sand  of  the  mould, 
or  loosen  a  portion  and  result  in  a  drop-out  more 
or  less  complete.  In  casting,  the  box  may  yield 
under  the  pressure  of  the  metal  and  make  the 
casting  thicker.  This  is  especially  the  case  in 
castings  of  large  surface  such  as  plates. 
(c)  Warped  boxes  will  not  fit  satisfactorily.  The 
joints  are  not  close,  or  if  got  together  much  trouble 
is  encountered  in  separating  them,  with  the 
inevitable  result  of  shaking  and  shattering  the 
mould,  and  in  pouring  leakage  occurs. 


FIG.  70.— Box  FOR  SMALL  WORK. 

(d)  Lightness   is   necessary   to      reduce    the^  labour. 
Lifting  boxes  that 'are  too  heavy  for  their  work 
results  in  unproductive  labour,  and  is   a   loss   to 
both  master  and  man. 

(e)  Interchangeability  of  box-parts  is  absolutely  neces- 
sary in  plate  and  machine  moulding,  and  is  always  a 
great  convenience.     It  saves  both  time  and  temper 
in  looking  for  companion  parts. 

(/)  Accuracy  of  fit  has  already  been  noticed,  and 
(g)  Retention  of  the  sand  is  the  first  office  the  box 

has  to  fulfil. 

Wooden  boxes  are  usually  lighter  than  iron -ones, 
In  boxes  without  bars  grooves  cut  lengthwise  in  the  side 
parallel  to  the  parting  are  provided  for  the  support  of 
the  sand.  (See  Fig.  71.) 
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Boxes  are  made  suitable  in  size  and  shape  for  the 
particular  work  in  hand.  In  a  general  foundry  boxes 
of  all  sizes  will  be  necessary.  The  shape  is  made  if 
possible  to  conform  more  or  less  to  the  pattern  in  order 
to  save  labour  and  material  in  ramming  and  subsequent 
handling  of  the  mould.  Hence  square  boxes  are  un- 
suitable for  rectangular  and  circular  work.  The  dead 
sand  at  the  corners  or  sides  is  unnecessary.  Circular  or 
octagonal  boxes  are  better.  Similarly,  boxes  with 
vertical  sides  are  unnecessary  for  cylindrical  work. 
Boxes  in  which  the  sides  are  inclined  save  labour. 

Size  is  regulated  by  that  of  the  pattern.  Speaking 
generally,  the  pattern  should  not  come  within  2in.  to 


FIG.  71. — WOOD  SNAP  FLASK  WITH  MALLEABLE  IRON  FITTINGS. 

2 1 in.  from  the  flask  to  enable  a  suitable  parting  to  be 
made.  For  heavy  castings  this  distance  must  be  greater.* 
If  too  near  any  fin  of  metal  may  reach  to  the  edge  and 
leak  when  casting. 

Fig.  68  shows  an  ordinary  rectangular  2-part  box, 
which  may  be  taken  as  a  type. 

The  upper  frame  A  is  described  as  the  cope  and  top 
part,  and  the  lower  B  as  the  drag  or  bottom  part.  The 
depth  of  the  frames  is  determined  by  the  thickness  of 
the  casting.  The  cope  is  furnished  with  crossbars  passing 

*  For  moulding  by  machine  from  well-made  plates, this  distance  may  be 

considerably  les-s  as  the  joints  n't  better.       The  smaller  box  necessary 

reduces  the  weight  to  be  lifted  and  allows  of  increased  speed, 
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from  side  to  side.  These  are  placed  at  intervals  of  4 Jin. 
apart,  and  are  of  a  depth  and  shape  depending  on  the 
work  for  which  the  boxes  are  used.  They  are  provided 
for  the  purpose  of  retaining  the  sand.  Ramming  the 
box  wedges  the  sand  between  these  ribs,  and  as  they  are 
purposely  made  rough  and  sometimes  specially  prepared, 
the  sand  is  firmly  retained  by  them.  In  wooden  boxes 
an  old  plan  was  to  drive  nails  diagonally  into  the  wooden 
bars  to  increase  the  hold  of  the  bars  on  the  sand.  Even 
iron  boxes  have  been  cast  with  nails  projecting 
from  the  ribs.  In  some  cases  holes  made  in 
the  sand  by  tools  when  casting  the  boxes  have  produced 


FIG.   72.— BENT   STEEL  FLASK. 

similar  projections.  These,  unless  stout,  are  useless,  as 
they  are  too  easily  broken  off  in  ramming  up.  Nails  are 
a  nuisance,  as  they  get  in  the  way  of  the  rammer,  and 
make  it  difficult  to  consolidate  the  sand  about  them 
properly.  They  are  likely  to  do  more  harm  than  good. 
The  surfaces  of  the  bars  and  inner  side  of  the  box  are 
always  rough  and  scabbed  if  not  purposely  roughened. 
This  is  due  to  the  casting  of  the  boxes  in  the  open  sand 
bed  in  order  to  roughen  the  sides,  and  in  general  this, 
with  or  without  the  aid  of  clay  wash  applied  with  a  white- 
wash brush,  is  sufficient  to  retain  the  sand  unless  deep 
lifts  with  underhanging  parts  are  being  made. 
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The  ribs  are^tapered  to  a  narrow  edge  in  order  that 
the  rammer  may  be  got  to  work  right  down  underneath 
them.  The  lower  edge  must  not  come  within  lin.  of  the 
pattern,  and  is  shaped  to  suit  the  contour  or  sectional 
shape.  Thus  a  box  used  for  cylindrical  work  would 
have  its  bars  hollowed  out  at  the  middle  of  the  box  (see 
Fig.  69). 

The  bars  may  be  cast  as  part-  of  the  flask,  and  are 
thus  permanent.  In  this  case  the  box  can  be  lightened, 
as  they  greatly  increase  the  rigidity. 

In  other  cases  grooves  or  slides  are  cast  on  the  side 
of  the  box,  and  the  bars  slide  into  these  and  are  removable 
whenever  required  to  fit  patterns.  Such  bars  may  be 
of  wood,  and  can  then  be  readily  shaped  to  suit  any 


FIG.  73.— Box  CAPABLE  OK  EXTENSION. 


particular  job.  They  are  also  readily  renewable.  To 
obtain  equal  rigidity  it  is  necessary  to  make  the  frame 
thicker,  thus  increasing  its  weight. 

The  bars  must  be  tightly  wedged  or  bolted,  or  shift- 
ing of  sand  and  a  drop-out  will  occur  when  lifting. 

Small  boxes  are  not  provided  with  bars. 

The  bars  in  the  drag  are  sometimes  exactly  similar 
to  those  in  the  cope.  This  is  more  particularly  the  case 
with  those  in  which  both  cope  and  drag  are  lifted  and 
turned  over,  and  for  work  where  the  mould  is  equally 
divided  between  the  two  boxes.  In  others  the  drag 
bars  are  flat  as  shown,  and  serve  to  support  the  sand. 
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Middle  parts  are  frames  that  are  interposed  between 
the  cope  and  drag  to  increase  the  depth  or  to  obtain 
suitable  partings.  They  are  not  provided  with  bars,  but 
an  inside  flange  runs  round  the  box  to  assist  in  retaining 
the  sand,  and  to  form  a  rest  for  rods,  &c.,  that  may 
be  used  in  making  the  mould. 

Flasks  must  also  be  provided  with  means  for  assuring 
the  parts  coming  together  accurately,  and  for  this  purpose 
are  fitted  with  some  kind  of  guide.  Cope  boxes  for  floor 
work  are  often  only  provided  with  projecting  lugs  against 
which  stakes  are  driven  when  rammed,  so  that  in  closing 
the  mould  the  box  can  be  returned  to  its  proper  place. 

For  turnover  and  bench  work  one  part  is  fitted  with 
projecting  pins,  and  the  other  with  grooves,  slots,  or 
holes  into  which  the  pins  enter.  Pins  are  usually  fitted 
to  the  drag,  and  the  holes,  &c.,  are  in  the  top  part.  Lugs 


PIG.  74A. 


PIG.  74s. 


FIG.  74c. 


are  cast  on  the  box  parts  for  this  purpose.  The  perfect 
fitting  of  these  parts  is  essential  to  good  work,  especially 
repetition  work  whether  by  hand  plates  or  machine. 
For  this  work  also  the  interchangeability  of  parts  is 
necessary.  This  can  be  best  secured  by  casting  plain 
lugs  on  the  box  parts,  and  drilling  all  similar  boxes 
through  a  template.  Turned  pins  to  accurately  fit  the 
holes  are  fixed  to  the  drag  by  nuts.  All  the  boxes  are 
thus  interchangeable.  The  pins  should  be  of  such  length 
that  in  putting  a  mould  together  the  pins  enter  the  holes 
before  any  upstanding  or  underhanging  part  of  the  mould 
is  below  the  level  of  the  parting.  It  is  thus  guided  as  it 
descends,  and  a  crush  is  avoided.  This  is  especially 
necessary  where  the  thickness  of  metal  on  the  sides  is 
small.  It  also  insures  less  jarring,  and  lessens  the 
probability  of  the  mould  being  damaged.  Loose  pins 
should  be  attended  to  at  once,  and  they  should  be  kept 
free  from  rust  and  dirt.  Two,  three,  or  four  pins  may  be 
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provided.     Two  pins  allow  of  rocking  when  lifting  or 
closing. 

Small  boxes  are  sometimes  made  like  Fig.  70,  the 
projection  in  the  bottom  part  being  cast  with  the  box. 
Such  fittings  are  never  very  accurate.  Of  course,  bench 
moulders  in  common  with  others  get  into  the  habit  of 
giving  the  box  a  peculiar  twist  when  putting  the  parts 
together,  always  in  the  same  direction,  so  that  both  in  ram- 
ming and  in  closing  the  mould  the  same  parts  of  the  fittings 
bear  on  each  other.  With  rapid  machine  and  other  work 
this  is  almost  impossible,  and  means  must  be  provided 
to  make  this  accurate  fitting  automatic,  hence  the  method 
of  procedure  described  previously. 

To  secure  the  greatest  accuracy  in  fitting  together 
box  joints  should  be  planed.  This  is  necessary  where 
the  box  has  to  fit  chills,  and  in  making  deep  moulds  to 
insure  the  mould  being  vertical. 

Snap  flasks  are  hinged  at  one  corner,  and  the  corner 
diagonally  opposite  is  provided  with  a  clasp  as  in  Fig.  71. 
The  other  corners  are  rigidly  fastened.  Moulds  are  made 
in  these  flasks,  but  not  cast  in  them.  When  the  mould 
has  been  finished  the  clasps  are  unfastened,  the  box 
opened,  pushed  so  as  to  clear  the  sand,  and  lifted,  leaving 
the  mould  standing  free  on  the  board.  Sometimes  in 
ramming  up,  light  frames  or  rings  are  put  inside  the  box, 
so  as  to  retain  the  sand  when  the  flask  is  removed.  In 
other  cases  a  thick  iron  pouring  plate  is  put  on  the  top. 
This  has  a  gate  hole,  and  serves  both  as  a  weight  when 
casting  and  to  keep  the  mou'd  together. 

Fig.  71  shows  a  snap  flask  in  wood  with  malleable  iron 
fittings.  The  pins  are  triangular  in  section,  and  bear 
on  two  sides  of  the  triangle  where  they  rest  in  the  movable 
slide  A,  which  is  fixed  in  position  by  screws.  This 
permits  of  adjustment  and  for  the  taking  up  of  wear. 

Fig.  72  shows  a  bent  steel  flask  of  the  same  type  in 
which  hinges  are  dispensed  with,  the  spring  of  the  steel 
being  depended  on  to  release  the  flask  when  the  cams  A 
are  turned  over. 

Flasks  are  provided  with  handles  for  lifting  purposes 
(E,  Figs.  68,  69),  of  a  form  suited  to  the  size  of  the  flask. 

Large  narrow  flasks  for  some  kinds  of  work  are  hinged 
,  o  that  the  top  can  be  turned  over.  Such  flasks  are  suited 
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to  shallow  rectangular  work,  and  to  cylindrical  or  other 
work  in  which  the  general  section  approaches  the 
cylindrical  form. 

Large  boxes  are  provided  with  swivels  or  trunnions 
(G,  Fig.  69)  for  slinging  in  the  crane,  and  turning  over. 
These  are  placed  in  the  middle  of  the  end  so  as  to  secure 
balance.  They  are  generally  cast  in  the  box. 

Boxes  are  sometimes  made  so  as  to  be  capable  of 
extension,  and  provision  made  for  fitting  on  projections 
if  necessary.  One  end  is  closed  by  a  plate  bolted  to  flanges 
cast  on  the  sides.  Side  openings  fitted  with  similar 
flanges  enable  additions  to  be  fastened  to  the  side 
(Fig.  73). 

Fig.  69  shows  a  box  for  casting  vertically.  Back 
plates  to  prevent  the  mould  bursting  under  the  increased 
pressure  are  bolted  on  to  the  flanges  H  in  which  slots 
are  provided  for  the  bolts. 

Various  methods  are  used  in  fastening  the  parts  of 
moulds  together  so  as  to  avoid  the  necessity  of  weighting 
them  when  casting.  Hooks  are  still  sometimes  employed. 
Many  of  the  hooks  used  are  of  no  value.  To  be  efficient 
they  should  exert  a  wedging  action  on  the  pin  or  eye 
hi  closing  the  mould. 

The  parts  are  sometimes  held  together  by  cotters 
passing  through  holes  cut  in  the  guide  pins.  The 
slot  must  pass  below  the  level  of  the  snug  on  the  other 
box  part  when  the  mould  is  closed  and  double  cotters  (fox 
wedges  fashion)  are  better  than  an  ordinary  single  one. 
(Fig.  74A.) 

Hinged  pins  with  cotter  holes  or  screwed  ends  are 
sometimes  employed.  When  turned  up  they  fall  between 
two  projecting  lugs  on  the  other  part,  and  a  cotter 
securely  fastens  the  parts  together.  (Fig.  74s.)  Clamps, 
binders,  and  dogs  (Fig.  74c)  of  various  kinds  are  used  for 
holding  parts  together. 

Standard  flasks  are  often  provided  with  a  simple 
locking  arrangement  through  the  handle,  as  shown  in 
Fig.  75.  A  small  key  passes  through  slots  cut  in  the 
handles,  and  a  quarter  turn  tightens  up  the  parts. 

Of  recent  years  there  has  been  a  tendency  to  confine 
all  handles,  lugs,  &c.,  to  the  ends  and  corners  of  small 
boxes,  leaving  the  sides  clear.  This  economises  room  on 


156  MOULDING   TOOLS    AND    APPLIANCES. 

the  foundry  floor,  and  reduces  the  probability  of  damage 
to  the  moulds  when  putting  down  the  boxes.  It  is  espe- 
cially important  in  bench  and  machine  work.  In  one 
recent  introduction  the  lugs  for  the  guide  pins  are  placed 
at  the  corners,  which  are  so  cut  off  that  they  do  not 
project  beyond  the  rectangular  sides  of  the  box. 

In  foundries  where  a  great  variety  of  work  is  done 
and  in  jobbing  foundries  boxes  of  many  types  and  sizes 
will  be  required,  but  will  not  be  in  constant  use.  Such 
boxes  as  are  not  in  use  should  be  stored  if  possible  under 
cover,  and  the  pins  be  properly  cleaned  before  putting 


FIG.   75. — STANDARD  FLASKS. 

away.  They  should  be  stacked  in  groups  of  similar 
form,  and  each  numbered  and  labelled.  The  number 
refers  to  the  book,  in  which  they  should  be  entered  and 
where  particulars  of  size,  &c.,  occur,  and  the  label  should 
bear  the  same  information.  EJach  group  should  be  easily 
accessible,  so  that  the  box  required  can  be  readily  seen 
and  quickly  obtained. 

The  retention  of  the  sand  in  boxes  during  the  lifting, 
turning  over,  and  other  movements  necessary  during  the 
moulding  operation,  is  principally  effected  by  pressure  on 
the  sides  and  bars  of  the  flask  produced  by  ramming, 
assisted  by  the  roughness  of  those  parts  ;  while  in  small 
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flasks  without  bars  the  grooving  of  the  <  shape  given  to 
the  sides  is  resorted  to  for  the  same  purpose.  Middle 
parts,  as  already  noted,  are  not  provided  with  bars,  and 
lack  the  support  thus  afforded.  Portions  of  the  mould  also 
that  hang  down  from  the  cope  or  project  from  the  sides 
would,  if  not  otherwise  supported,  be  liable  to  fall,  or 
be  washed  away  by  the  metal.  The  support  of  such 
masses  of  sand  often  presents  problems  of  no  simple 
character,  and  requires  the  exercise  of  much  ingenuity 
and  discretion  on  the  moulder's  part.  In  middle  parts  it 
is  often  possible  to  employ  rods  stretching  from  side  to 
side,  and  suitably  disposed  for  this  purpose.  The  rim 
running  round  the  inside  of  the  lower  edge  forms  a  firm 
support  for  such  as  lie  at  the  bottom,  and  blocks  resting 


PIG.  76. 

on  the  rim  can  be  used  for  supporting  such  as  lie  at  higher 
levels.  Besides  those  crossing  the  flask  from  side  to 
side,  rods  properly  supported,  so  placed  that  the  projecting 
ends  point  towards  the  pattern,  are  often  useful,  especially 
where  the  section  is  not  uniform,  as  at  A,  Fig.  76.  In  plac- 
ing such  bars,  it  must  be  borne  in  mind  that  iron  is  heavier 
than  sand  in  the  ratio  of  8  to  3  (approximately  3  to  1), 
according  to  the  amount  of  coal  dust  present,  so  that  the 
introduction  of  irons  into  the  mould  requires  that  they 
shall  rest  firmly  on  some  rigid  support.  In  the  case  of 
those  passing  right  across  the  box,  this  is  easy,  and  in 
other  cases  means  should  be  adopted  to  secure  it.  Too 
often  irons  are  rammed  up  in  the  mould  without  such 
support  at  one  and  sometimes  at  both  ends  (see  gaggers), 
leaving  the  iron  "  floating  "  in  the  sand.  In  any  sudden 
movement  of  such  a  mould,  or  any  sudden  arrest  of  such 
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movement  (say  in  putting  down  the  box)  the  greater 
weight  of  the  iron  would  increase  the  tendency  of  the 
mould  to  fracture  and  defeat  the  purpose  for  which  it 
was  introduced.  Projecting  rods  may  have  others  placed 
under  the  ends  at  a  suitable  distance  to  enable  the 
mould  to  be  made  in  such  a  position  that  the  greater 
length  and  weight  lies  behind  the  rod  in  the  back  sand  of 
the  box,  so  that  if  this  be  properly  supported,  say  by 
rods  below,  firmness  is  secured.  When  putting  in  such  rods 
the  consolidation  of  the  sand  underneath  must  be  properly 
done,  or  on  ramming  the  upper  part  the  rods  will  be  dis- 
placed. Judgment  on  the  moulder's  part  is  necessary  in 
fixing,  as  he  is  the  only  one  who  knows  the  effect  of  his 
own  method  and  style  of  ramming.  If  the  long  end  is 
free  it  is  generally  better  to  let  it  be  a  little  higher  than 
the  shorter  when  put  in.  All  irons  should,  as  far  as  possible, 
be  firmly  wedged  to  prevent  movement.  This  cannot  be 
too  strongly  enforced.  Where  several  rows  of  rods  are 
used,  they  should  not  come  opposite  each  other. 

Gaggers  are  irons  with  the  ends  bent  at  an  angle,  some- 
times a  right  angle.  They  are  used  for  supporting  sus- 
pended masses  of  sand,  and  for  tying  sand  together.  All 
the  remarks  made  above  respecting  weight  and  necessity 
of  firmly  fixing  apply  here  as  in  the  case  of  rods.  The 
upper  bent  end  may  be  made  to  rest  on  the  upper  edge 
of  the  bars  of  the  flask,  so  as  to  lift  with  the  flask.  This 
is  the  best  method  where  the  flasks  are  bolted  or  held 
together  by  means  other  than  weights.  Where  weights 
are  used,  there  is  always  the  likelihood  of  the  projecting 
gaggers  being  struck  and  the  sand  shifted.  Gaggers 
which  project  further  are  still  more  likely  to  be  displaced 
and  damage  the  mould. 

In  many  cases  the  gaggers  are  embedded  in  the  sand, 
the  upper  end  coming  well  up  within  the  space  between 
the  bars,  the  hard-rammed  sand  giving  the  required 
support,  and  sometimes  being  assisted  by  other  means. 
To  be  satisfactory,  the  greater  length  of  the  gagger  should 
lie  between  the  bars.  Short  ones,  that  come  up  only  a 
short  distance  between  the  bars,  are  likely  to  do  more  harm 
than  good  on  account  of  their  greater  weight  without 
adequate  support.  They  should  be  distributed  in  such  a 
manner  that  they  do  not  tend  to  form  partings  in  the 
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sand.  Wooden  rods,  "  soldiers,"  are  sometimes  used 
instead  of,  or  to  assist  in  lifting,  gaggers.  In  wooden 
boxes  these  are  nailed  to  the  bars,  and  in  iron  ones 
wedged  in. 

Sprigs,  &c.,  are  used  for  retaining  small  masses  of 
sand,  and  for  mending-up  purposes. 

Moulders'  Tools. — The  tools  used  by  the  moulder  may 
be  divided  into  two  groups  :  (1)  Those  that  are,  or  should 
be,  his  personal  property  ;  (2)  those  provided  as  part  of 
the  shop  equipment. 

Of  the  small  tools,  the  greater  number  are  employed 
in  the  finishing  of  the  mould,  and  in  dealing  with  this 
section  some  others  not  generally  the  property  of  the 
moulder  will  be  included. 


BCD  E 

FIG.  77.— RAMMERS. 

jammers. — The  shape,  weight,  and  character  of  these 
varies  with  the  style  of  work.  Small  rammers  may  be  of 
various  shapes  and  materials.  Blunt -ended,  tapering  ram- 
mers are  used  for  small  work  round  the  pattern.  A,  Fig.  77, 
shows  the  form  of  pegging  rammer  often  employed. 
B  and  C  are  other  forms.  These  are  used  for  ramming  the 
mould  in  narrow  spaces,  and  for  consolidating  the  sand 
in  the  neighbourhood  of  the  pattern.  With  long  handles 
they  may  be  used  for  ramming  deep  moulds,  and  for 
ramming  the  sand  round  loam  moulds  for  casting,  to 
prevent  the  mould  bursting  by  the  pressure  of  the  metal. 

Flat  rammers,  like  D  and  E,  are  used  for  ramming  up 
the  box  filling,  and  for  flattening  down  and  levelling  the 
sand  for  sand  beds. 
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.  The  weight  of  the  rammer  must  be  judiciously  chosen 
with  regard  to  the  work  to  be  done,  and  if  for  any  reason 
a  heavier  one  be  substituted  for  a  lighter  one  care  is 
necessary  in  first  using  it  or  unsatisfactory  results  in  the 
form  of  scabs,  &c.,  will  be  produced. 

In  ramming,  the  consolidation  of  the  sand  is  not 
brought  about  by  top  pressure  from  the  rammer  merely, 
but  in  addition  by  a  wedging  action  of  the  sand  grains  and 
side  pressure  from  the  rammer.  Many  of  the  differences 
and  difficulties  of  machine  moulding  arise  from  the  fact 
that  it  is  not  easy  to  imitate  this  by  mechanical  means. 

Rubber  -  sheathed  rammers  have  been  intro- 
duced to  reduce  the  probability  of  damaging  the 
patterns  through  striking  the  raised  parts  when  ramming. 
Such  damage  causes  the  castings  to  be  rough  and 
uneven.  The  rubber  yields  before  the  pattern,  and  thus 
saves  it  from  injury. 

Mechanical  rammers,  operated  by  compressed  air,  are 
on  the  market,  and  are  useful  for  ramming  up  large 
moulds  in  parts  where  special  care  is  not  necessary. 

After  ramming,  a  square  iron  rod  or  bar  is  used  to 
strike  (scrape)  off  the  sand  standing  above  the  edge  of  the 
flask,  and  for  floor  work  the  edge  of  a  board  answers  the 
same  purpose,  with  straight-edges  embedded  in  the  sand 
taking  the  place  of  the  sides  of  the  box. 

Bench  moulders  use  a  spike — a  short  iron  rod  shar- 
pened at  one  end — to  lift  patterns  out  of  the  mould. 
The  sharp  end  is  driven  into  a  hole  in  the  pattern  at  a 
convenient  point — preferably  so  that  it  will  balance — in 
order  to  withdraw  the  pattern  with  least  chance  of  injury 
to  the  mould.  Side  rapping  of  the  spike  loosens  the 
pattern  before  it  is  lifted. 

Tools  for  Finishing  the  Moulds. — After  the  lifting  of  the 
pattern,  what  is  of  ten  the  most  difficult  part  of  the  moulder's 
work  begins.  A  mould  more  or  less  perfect  has  been 
obtained,  but  certain  parts  have  been  broken  down  by 
the  removal  of  the  pattern,  or  have  been  imperfectly 
made,  and  mending  is  necessary.  The  surface  also  requires 
to  be  smoothed  and  sometimes  consolidated,  detached 
sand  removed  and  the  parts  made  good.  Hard  places 
may  want  cutting  out  and  replacing,  and  when  the  mould 
is  made  and  blacked,  the  blacking  requires  to  be 
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pressed  down,  made  to  adhere  and  smoothed  on.  For 
these  purposes  a  variety  of  small  tools  specially  shaped 
to  suit  different  kinds  of  moulds  are  necessary.  The 
number  of  these  possessed  by  any  moulder  is  problematical. 
Two  at  anyrate  are  generally  in  his  possession,  a  trowel  and 
a  cleaner. 


FIG.  78.— TROWELS. 


FIG.  79.— CLEANERS. 


The  trowel  is  useful  for  many  purposes.  It  is  useful  for 
lifting  loose  sand  where  there  is  enough  space  to  handle 
it,  and  for  general  smoothing 'purposes,  such  as  the  joint 
faces  of  a  mould.  Various  shapes  enable  it  to  be  used 
in  many  parts  of  the  mould,  and  it  is  a  very  generally 
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useful  tool.  The  underside  of  the  blade  should  not  be 
quite  flat,  but  very  slightly  convex,  and  the  smoothness  of 
the  surface  should  be  above  reproach.  Trowels  are 
often  legitimately  used  for  mending-up  purposes  ;  but 
where  patching  by  hand  can  be  done  it  is  better  to  do  it 
and  use  the  trowel  as  little  as  possible.  A  more 
porous  face  is  thus  obtained.  Trowels  are  met  with  in 
a  variety  of  sizes  and  shapes  (1,  2,  3,  4,  and  5,  Fig.  78). 
Square  and  taper  trowels  vary  from  Sin.  by  lin.  to  6in. 
by  2in.  ;  heart-shaped  trowels  from  lin.  by  1  Jin.  to  5 Jin. 
by  3  Jin. 

Gate  knives  (6,  Fig.  78),  that  serve  for  cutting  gates 
and  runners,  belong  to  the  same  class. 

Cleaners  (Fig.  79)  have  one  end  turned  up,  the  other 
being  a  long,  flat  strip,  the  broad  side  of  which  is  at  right 
angles  with  the  back  edge  of  the  turned-up  end.  The 
length  and  narrow  form  of  the  tool  enables  sand  to  be 
lifted  by  the  bent-up  end  out  of  narrow  and  deep  places 
in  the  mould,  and  also  serves  in  many  cases  the  purpose 
of  a  trowel  in  dealing  with  those  parts.  The  twisting 
of  the  straight  blade  at  right  angles  prevents  it  from 
scraping  the  side  of  the  mould  when  this  is  being  done. 
The  long,  flat  blade  is  useful  on  the  vertical  sides  of  small 
moulds,  and  small  vertical  portions  of  larger  moulds. 
The  end  is  sometimes  square,  and  sometimes  slightly 
rounded  or  cut  at  an  angle,  as  shown,  to  allow  of  the  tool 
being  used  under  every  condition.  Some  have  the  sides 
of  the  bent  end  turned  up  to  prevent  the  dropping  of 
sand  when  lifting  it.  These  must  be  accurately  ground 
on  the  edge  at  right  angles  with  the  bottom,  or  bent  over. 

Sleekers,  Slickers,  or  Slakers  are  employed  for  finishing 
sand  surfaces  and  sleeking  on  blacking  where  the  trowel 
cannot  go,  either  on  account  of  its  size  or  unsuitable 
shape.  Sleekers  possess  one  or  more  smooth  surfaces  and 
a  suitable  handle  or  stud.  It  is  important  that  the  surface 
should  be  smooth  and  bright,  and  the  tool  as  light  as 
possible.  They  are  commonly  made  in  cast  iron,  but 
gun-metal  tools  keep  clean  better  and  are  less  liable  to 
break.  They  can  be  made  lighter.  In  most  cases  square 
ends,  unless  they  are  turned  up,  should  be  avoided,  and 
what  are  regarded  as  flat  surfaces  are  best  very  slightly 
convex. 
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A,  Fig.  80,  is  the  "Bacca  box"  sleeker  of  general  utility 
on  flat  and  nearly-flat  surfaces  ;  B  is  an  egg  smoother, 
useful  in  much  inside  cylindrical  and  round  work  ;  C  is 
an  inside  pipe  smoother  and  bead  tool  for  cylindrical 
work.  D  is  a  "  safe  end  "  pipe  smoother  ;  E  is  a  square 
corner  smoother,  for  right  angles  ;  F  is  a  round-edge 
corner  smoother  ;  G  and  H  are  similar  tools  for  flanges  ; 
I  is  a  hollow  bead  tool ;  K  is  a  circular  bead  tool— such 
tools  should  have  a  little  smaller  radius  than  the  circle  in 
which  they  operate.  L  is  a  straight  bead  tool,  the  con- 
vexity shown  is  to  prevent  dragging  ;  M  is  a  fluted  bead 
tool  ;  N  is  a  boss  tool  for  wheel  bosses  ;  O  is  a  flange 
bead  upset  ;  P  is  a  girder  tool  ;  R  a  flange  cleaner  ;  S  is 
a  spoon  tool  ;  and  T  is  commonly  known  as  the  "  dog-tail" 
sleeker. 

It  will  be  seen  that  these  tools  generally  conform 
to  the  section  with  which  they  are  intended  to  deal,  but 
in  all  cases  it  is  better  for  the  tool  not  to  lie  throughout  its 
whole  length  in  contact  with  the  surface  over  which  it 
passes  in  the  direction  of  movement.  A  very  slight 
rounding  is  sufficient  to  prevent  this,  and  better  results 
will  be  obtained. 

Vent  Wires. —Prickers  are  necessary  for  venting  the 
mould.  The  ordinary  sizes  vary  from  -^gin.  to  ^gin. 
thick  for  small  wires  used  in  bench  moulding,  to  fin. 
used  for  venting  the  lower  portions  of  moulds  made  in 
the  floor  and  vented  down  into  a  cinder  bed  under  the 
mould.  The  latter  requires  considerable  force  to  drive  it 
down,  and  is  provided  with  a  handle  like  that  of  an 
auger.  It  is  also  used  to  make  main  vents  into  which 
smaller  ones  open  and  for  venting  under  boxes  on  the 
foundry  floor. 

Calipers  and  a  rule  are  necessary  to  complete  the 
private  outfit. 

Of  other  tools  of  an  individual  character  constantly 
in  use,  mention  must  be  made  of  shovels  for  sand,  prefer- 
ably of  a  square-fronted  pattern,  although  for  digging 
out  in  hard  sand  pointed  shovels  are  quickest.  Sieves 
and  riddles  are  used  for  sifting  facing  sand  over  the  pattern 
and  for  blending  the  floor  sand  for  box  filling. 

Moulders'  bellows  differ  from  ordinary  hand  bellows 
only  in  having  a  short  nozzle.  They  are  required  to  blow 
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away  loose  sand,  &c.  Oilcans,  lamps,  buckets,  a 
watering  pot,  and  pots  for  parting  sand  and 
water  used  for  swabbing  purposes  are  required. 
The  swab  is  merely  a  tuft  of  tow  often  made  from 
a  rope  end.  Paint  brushes  are  also  used  to  apply 
water  to  the  surface  of  the  mould  where  required. 
Brushes  of  various  kinds  are  employed,  both  in  bench 
and  floor  work,  and  for  applying  wet  blacking.  Blacking 


FIG.  81. — BLACKING  BAG. 

bags  for  dusting  facings  on  the  mould  consist  of  linen  or 
woollen  material  (stockinette),  through  which  the  material 
is  shaken  in  order  to  get  regular  distribution.  Robinson's 
patent  blacking  bag  is  shown  in  Fig.  81.  As  may  be  seen, 
it  is  provided  with  a  handle,  and  by  a  short  rapid  move- 
ment of  the  hand  the  blacking  is  shaken  out  close  down 
by  the  surface  where  it  is  required.  A  considerable 
saving  is  effected  in  the  amount  of  blacking  used,  less 
flying  about  the  shop. 


CHAPTER  VII. 

FOUNDRY  MOULDS  AND  THEIR  PRODUCTION. 

THE  character  of  the  moulds  used  for  iron  and  the  methods 
of  making  them  vary  with  the  weight  and  nature  of  the 
castings.  Much  difference  of  opinion  exists  as  regards 
the  necessity  or  otherwise  of  adopting  particular  methods 
for  certain  styles  of  castings. 

Green  Sand  Moulds. — This  name  is  applied  to  moulds 
made  in  damp  sand  which  receive  the  metal  without 
being  previously  dried.  They  are  used  in  the  freshly- 
made  "  green  "  state.  Such  moulds  are  used  wherever 
it  is  safe  to  do  so,  as  the  labour  and  expense  of  drying 
the  mould  is  not  incurred,  and  the  costs  of  production 
are  lower.  It  is  difficult  to  lay  down  any  fixed  conditions 
under  which  green  sand  moulds  should  and  should  not  be 
used  ;  but  it  may  be  stated  generally  that  small  portions 
of  moulds  that  are  completely  or  nearly  surrounded  by 
the  molten  metal,  larger  masses  not  so  completely  sur- 
rounded, and  in  general  all  castings  of  exceptional  weight 
and  importance,  are  preferably  made  in  a  dried  mould 
either  of  sand  or  loam.  At  the  same  time,  many  exceptions 
to  the  general  rule  will  be  met  with,  many  cores  and  large 
flat  castings  being  made  in  green  sand.  The  quality  of 
the  sand  and  the  general  shop  practice  have  much  to  do 
in  determining  whether  a  green  sand  mould  is  satisfactory 
or  not.  Hundreds  of  castings  are  now  made  in  dry  sand 
and  loam  in  many  shops,  which  by  the  exercise  of  more 
care  in  the  selection  and  mixing  of  the  sand,  less  careless- 
ness on  the  moulder's  part,  and  more  attention  to  the 
metal,  both  as  regards  quality  and  temperature  of  pouring, 
could  ]be  better  made  in  green  sand.  It  must  be  borne 
in  mind  that  the  effects  produced  on  the  iron  by  a  dried  and 
green  mould  are  different.  In  the  latter,  the  hot  metal 
evaporates  the  moisture,  acts  upon  the  coal  dust,  &c., 
and  is  cooled  more  quickly.  Hence,  in  changing  from 
one  style  to  the  other,  metals  and  methods  must  be 
varied  to  suit  the  altered  conditions.  Pouring  at  a 
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higher  temperature  will  in  some  cas,es  compensate 
for  the  greater  amount  of  heat  demanded  by  the  more 
rapid  cooling,  but  in  many  instances  using  hotter  metal 
would  only  aggravate  the  difficulties  which  led  to  the 
adoption  of  a  dry  sand  mould  for  the  casting,  and 
would  more  severely  tax  the  ramming  and  venting 
facilities  of  the  mould,  the  quality  of  the  sand,-  the  care 
and  skill  of  the  moulder,  and  his  love  of  the  swab.  In 
thick,  heavy  parts  there  would  be  a  tendency  to  a  more 
coarsely  granular-crystalline  fracture  and  corresponding 
weakness,  owing  to  the  cooling  action  of  the  mould  being 
chiefly  confined  to  the  outer  parts  of  the  casting. 

If  such  parts  are  difficult  to  feed,  then  the  tendency 
to  "  draw  "  and  sink  will  be  increased,  and  if  the  shrinkage 
is  considerable  the  formation  of  cavities  is  certain. 
Practically,  increased  temperature  will  only  meet  the  new 
conditions,  when  the  body  of  the  work  is  comparatively 
thin. 

Altering  the  quality  of  the  metal  will,  however,  serve 
the  purpose.  An  increase  in  the  silicon  contents  has  the 
effect  of  counteracting  the  cooling  action  of  the  mould. 
Where  feeding  is  difficult  it  is  best  to  diminish  the 
phosphorus.  .  For  while  the  latter  element  increases  the 
fluidity  for  pouring,  it  also  retards  the  solidification, 
and  prolongs  the  period  during  which  it  is  possible  for 
the  first  solidified  parts  to  draw  supplies  of  metal  from 
the  heavy  parts  to  make  up  for  contraction,  thus  leaving 
a  deficiency  in  the  semi-solid  parts,  and  producing 
sponginess  when  quite  solid.  The  greater  fluidity  which 
it  produces  does  not  help  feeding  in  the  same  degree  as  it 
helps  the  running,  as  the  time  during  which  this  can  take 
place  is  limited  by  the  solidification  of  the  metal  in  the  feed- 
ing gates.  Enough  has  been  said  to  indicate  the  greater 
certainty  as  regards  closeness  of  texture  and  soundness 
likely  to  be  obtained  from  dried  moulds,  and  where 
this  is  of  the  first  importance,  as  in  work  to  be  subjected 
to  hydraulic  tests,  it  is  best  to  use  this  method,  but 
that  even  in  these  cases  there  is  much  to  learn. 

Dry  Sand  Moulds. — In  these  the  mould  is  made  in 
sand  and  is  dried  prior  to  receiving  the  metal.  The 
moulds  are  generally  made  in  boxes,  and  dried  in  the 
stove.  Portable  fires  may  be  used  for  drying  the  surfaces 
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of  moulds  in  the  positions  in  which  they  were  made. 
The  advantages  of  drying  the  mould  are  the  removal  of 
the  moisture  and  consequent  greater  porosity  of  the 
mould,  especially  of  the  face.  The  removal  of  the 
moisture  also  prevents  chilling  of  the  iron  and  permits  of 
the  use  of  metal  with  less  silicon  and  other  impurities, 
with  a  corresponding  greater  closeness  of  texture  in  the 
metal.  It  is  possible  to  use  a  closer  sand  of  finer  texture 
on  dry -sand  work,  on  account  of  the  better  venting  of 
the  face,  and  the  drying  causes  the  metal  to  lie  on  the 
hard  face  quietly  without  bubbling,  which  it  certainly 
would  not  do  on  the  damp  face  of  a  green-sand  mould 
of  the  same  closeness. 

The  dried  sand  offers  greater  resistance  to  the  flow  of 
the  hot  metal,  and  is  less  likely  to  wash  up.  Cleaner  cast- 
ings are  consequently  secured,  a  matter  for  careful  con- 
sideration where  boring  and  facing  of  the  casting  has  to 
be  done,  and  where  dirt  or  sponginess  would  mean  certain 
rejection  of  the  castings.  Skin  drying  is  a  sort  of  half- 
way house  between  a  dry-sand  and  a  green-sand  mould. 

The  drying  of  the  surface,  especially  in  case  of  exces- 
sive moisture  in  the  sand  or  the  too  free  use  of  the  swab 
or  water  in  mending-up,  makes  the  metal  lie  more 
quietly  on  the  face,  and  reduces  the  chilling  effect. 
Drying  the  face  of  a  mould  has  also  the  effect  of  roughening 
it,  thus  removing  some  of  the  disadvantages  of  over- 
sleeking.  This  is  caused  by  the  heating  of  the  sand 
grains  and  consequent  expansion  that  occurs.  This 
expansion  is  perceptible  in  amount  before  the  drying 
takes  place,  so  that  the  removal  of  the  moisture  does  not 
compensate  for  it.  The  expanded  grains  produce  a 
slightly  roughened  surface,  which  is  conducive  to  the 
quietness  of  the  metal  much  in  the  same  way  as  hand 
rubbing  or  tooling  with  wooden  tools  over  a  mould 
surface.  The  expansion  on  a  completely  dried-out 
mould  is  well  known,  and  the  trowelling  on  the  joint 
face  to  prevent  crushes,  even  at  the  risk  of  finning,  is 
necessary  from  this  cause.  The  expansion  also  helps  to 
increase  the  general  venting  powers  of  the  sand,  since 
throughout  the  mass  the  same  effect  is  produced  as  occurs 
on  the  surface,  the  grains  pushing  themselves  further 
apart.  This  is  most  pronounced  in  sands  composed  of 
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large  grains,  and  as  it  has  a  tendency  to  diminish  the 
cohesion  to  a  greater  or  less  extent,  sand  used  for  dried 
moulds  may  be  of  finer  texture.  The  grains,  too,  should 
be  more  regular  in  shape,  in  order  that  the  expansion  may 
be  more  uniform  in  all  directions.  Milling  the  sand  is 
therefore  of  advantage. 

These  general  effects  of  heat  apply  to  both  moulds  and 
cores. 

The  same  increase  in  volume  occurs  with  cores,  and 
arises  from  the  same  cause.  Incidentally,  the  expan- 
sion is  proportional  to  the  rise  in  temperature  and  the 
weakening  effect  to  the  expansion.  It  follows  that 
overheating  should  not  occur,  but  that  slow,  thorough 
drying  at  a  low  temperature  is  best  for  the  strength  of 
the  mould,  but  does  not  produce  the  same  freedom  of 
venting — another  need  for  careful  attention  to  the  sand 
mixture. 

In  skin  drying,  overheating  may  make  the  surface 
more  easily  washed  up  than  before,  and  produce  dirtier 
castings,  or  at  anyrate  castings  with  a  coarse  surface. 

In  most  cases,  in  both  green  and  dry  sand  moulding 
complete  patterns  of  the  castings  to  be  made  are  provided. 

Loam  Moulds. — Sand  is  of  a  sufficiently  plastic  nature 
for  use  where  it  can  be  properly  consolidated  by 
ramming  round  a  pattern.  It  is  not,  however,  easy 
to  shape  in  other  than  flat  or  nearly  flat  surfaces, 
by  boards  shaped  to  a  special  contour.  Its  ad- 
hesiveness is  insufficient  to  enable  it  to  stand  up 
without  ramming.  Where  the  mould  has  to  be 
modelled  to  the  form  required  without  the  use  of  a 
pattern  or  with  only  patterns  of  such  portions  as  depart 
from  a  general  sectional  form,  it  is  necessary  to  use  some 
material  of  a  soft  plastic  nature,  with  a  considerable 
adhesiveness.  In  selecting  such  a  material  respect  must 
be  had  to  the  same  qualities  as  are  required  in  sand,  but 
the  body  may  not  possess  them  all  in  an  equal  degree 
at  the  same  time.  During  the  making  of  the  mould  it 
must 'be  soft  and  easily  worked,  have  the  power  of  ad- 
hering and  attaching  itself  to  its  supports,  and  still  be 
firm  enough  to  stand  up  on  suitable  supports  ;  whether  it 
is  porous  or  not  at  this  point  is  immaterial.  When  it 
receives  the  metal  it  must  be  porous,  refractory.  &c., 
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exactly  like  an  ordinary  sand  mould.  Further,  the 
mould  in  drying  must  preserve  its  size  and  shape. 
Clayey  sands  and  mixtures  of  like  nature  fulfil  these 
conditions.  Used  wet,  and  well  ground,  it  is  soft  and 
easily  shaped,  and,  on  drying,  the  removal  of  the  water  and 
contraction  of  the  clay  make  the  mould  porous.  The 
sand  grains  form  a  skeleton  that  does  not  contract,  and 
maintains  form  and  size.  The  openness  of  the  material 
depends  on  the  coarseness  of  the  sand  grains.  It  thus 
becomes  possible  to  use  material  containing  more  clayey 
matter,  and  this  gives  cohesion  to  the  dried  mould. 
The  wet  loam  is  daubed  on  to  the  face  of  brick  supports 
carefully  built  to  suit  the  shape  of  the  mould,  and  these,  as 
well  as  the  iron  plates  and  supports  also  employed,  secure 
the  necessary  strength  and  rigidity  of  the  mould,  and 
prevent  it  bursting  under  the  pressure  of  the  metal 
when  filled.  It  will  be  seen  that  excellent  venting  can  be 
secured,  as  the  layer  of  loam  actually  put  on  the  face  of 
the  brickwork,  &c.,  need  not  be  thick,  and  suitable  pro- 
vision can  be  made  in  the  joints  of  the  brickwork  to 
enable  the  gases  to  get  rapidly  and  completely  away. 
So  far  as  the  production  of  good  castings  is  concerned, 
loam  castings  are  more  likely  to  be  satisfactory  than  if 
made  by  any  other  method.  On  the  other  hand,  the 
labour  and  special  costs  entailed  in  producing  them  will 
always  restrict  the  use  of  loam.  There  are  some  cases 
where  the  costs  of  loam  moulds  are  not  greatly  different 
from  sand  moulds,  but  generally  in  those  cases  the 
castings  can  be  quite  as  well  made  in  sand  as  in  loam. 

Loam  moulding  dispenses  in  large  measure  with  the 
use  of  patterns,  and  in  place  of  these  we  have  "  sweeps  "- 
templates  of  the  sections  of  the  mould.  Expense  in 
pattern  making  is  thus  reduced.  Greater  skill  is  demanded 
from  the  moulder  and  more  ingenuity  and  power  of 
contrivance  as  well  as  decision. 

Loam  is  largely  used  for  large  cores  not  made  in  a  core 
box,  and  also  sometimes  for  patterns. 

The  remarks  made  concerning  the  effect  of  heat  in 
drying  sand  moulds  apply  here,  but  generally  with  less 
force.  Much,  however,  depends  on  the  nature  of  the 
loam.  Loams  made  from  coarse,  sharp  sands  by  an 
admixture  of  clay  give  a  face  more  "  trush  "  and  require 


FOUNDRY  MOULDS  AND  THEIR  PRODUCTION.          171 

more  "  dressing  "  than  finer  loams.     They  are,  however, 
more  open. 

Closely  allied  with  loam  castings  are  those  produced 
by  the  Japanese,  Koreans,  and  Chinese  by  the  process 
known  as  cera  perdita.  A  core  having  a  rough  resem- 
blance to  the  general  outline  of  the  exterior  of  the  object  is 
first  built  up  of  mixtures  of  clay,  crushed  firebrick,  or 
burnt  clay,  rice  husks,  &c.  The  lower  layers  are  coarse,  and 
the  upper  finer  and  mixed  with  sand.  This  core  is  in- 
geniously made  on  a  wooden  support  so  arranged  that 
thin  strips  of  bamboo  practically  back  the  core,  and  form 
its  support.  The  core  is  dried,  and  the  article  to  be  cast 
is  modelled  on  it  "  in  thickness."  Wax,  either  a  hard 
vegetable  wax  or  a  mixture  with  beeswax,  and  with  bees- 
wax and  resin,  are  used  for  this  purpose.  The  modelled 
pattern  is  a  work  of  art  often  of  a  high  order.  No  plaster 
moulds  for  reproduction  or  repetition  of  parts  (as  is 
often  done  with  modelled  work  for  ornaments)  are  made. 
The  model  is  perfectly  finished.  It  is  then  brushed  ever 
with  a  thin  layer  of  a  fine  clay  mixture.  Great  care  is 
taken  in  applying  this  layer  to  insure  its  getting  to  the 
bottom  of  the  crevices  and  lines  of  the  model.  After 
drying  other  layers  of  thin  clay  are  similarly  applied,  and 
thus  a  thickness  is  built  up  sufficiently  firm  to  allow  of  the 
application  of  coarser  material  plastered  on  by  hand 
in  sufficient  thickness  to  give  strength  to  the  mould.  The 
clay  mixture  applied  to  the  face  is  very  carefully  prepared, 
and  often  contains  ground  porcelain  or  silica,  which 
reduces  the  liability  to  cracking  of  the  surface  when 
drying  and  when  heated.  Mould  and  core,  as  will  be 
seen,  fit  perfectly.  The  mould  is  first  carefully  dried, 
and  the  wooden  framework  removed  from  the  core.  The 
whole  mould  is  then  gradually  heated  by  a  carefully 
regulated  charcoal  fire  to  melt  out  the  wax  and  to  bake 
the  mould.  Moisture  is,  of  course,  expelled,  and  the 
rice  husks,  &c.,  charred  or  burnt.  The  metal  is  run  into 
the  mould  while  red-hot,  the  holes  through  which  the 
wax  runs  out  being  stopped  with  fireclay.  Naturally 
castings  of  any  form  can  be  made  by  this  method.  Obvi- 
ously, there  is  no  possibility  of  repairing  a  mould,  and 
any  mistake  may  ruin  the  casting.  The  method  is  only 
used  for  art  work. 


CHAPTER  VIII. 

MOULDING  OPERATIONS. 

Bench  moulding  in  flasks  or  boxes  is  the  usual  practice 
in  making  small  castings.  The  drag  or  bottom  box  is  first 
rammed  up,  being  placed  over  the  pattern  supported  on  a 
board — turn-over  board — or  on  a  temporary  bed  of  sand  in 
a  corresponding  box  part.  The  ramming  done,  the  two 
are  turned  over,  and  the  board  or  temporary  box  removed, 
leaving  the  pattern  embedded  in  the  sand  in  the  drag. 
The  cope  is  then  put  on,  and  the  sand  rammed  up, 
gates  and  other  necessary  matters  being  provided  for. 
By  opening  the  box,  the  pattern  may  be  removed,  the 
mould  mended  if  necessary,  finished,  and  closed  ready  for 
pouring.  Since  the  drag  was  rammed  first,  and  the  box 
turned  over  for  casting,  this  is  known  as  turn-over 
moulding,  or  turning  over. 

Odd  Sides. — The  support  on  which  the  pattern  lies  has 
generally  the  same  form  on  the  surface  as  under-side  of  the 
cope,  and  in  ramming  up  the  drag  the  parting  is  thus 
made,  saving  time  and  labour.  The  method  allows  the  drag 
containing  the  under-part  of  the  mould  to  be  as  evenly 
rammed,  vented,  &c.,  as  the  upper.  It  is,  however,  clear 
that  for  heavy  work  and  work  of  large  dimensions  the 
use  of  large  flasks  containing  heavy  bodies  of  sand,  and 
the  provision  of  tackle  to  lift  them,  makes  it  practically 
impossible  to  adopt  this  course  with  such  castings.  The 
use  of  kt  odd  sides  "  in  this  way  is  very  common. 

Mould  Joints. —Sometimes  metal  and  plaster  odd  sides 
are  used  instead  of  sand.  For  repetition  work 
where  the  patterns  are  not  put  on  plates  this  is 
the  most  expeditious  way,  for  although  the  parting 
surface  of  the  boxes  may  be  irregular — anything 
but  flat — the  moulder  has  no  difficulty  in  always 
securing  a  surface  from  which  his  patterns  will  draw 
readily.  In  making  a  plaster  odd  side  the  patterns  should 
be  examined,  and  the  position  of  the  parting  fixed  on. 
This  may  depend  on  some  peculiarity  of  form  or  on  the 
position  of  some  core  prints  which  it  is  advisable  to  have 
access  to  at  the  parting  for  the  purpose  of  putting  in  the 
cores.  A  line  should  be  drawn  round  the  patterns  at  the 
selected  joint,  and  the  patterns  carefully  bedded  in  cavities 
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cut  in  a  hard  surface  of  fine  sand,  so  that  the  sand  comes 
clearly  up  to  the  line.  The  parting  should  be  well 
tooled  to  secure  the  smoothest  surface  possible,  plumbago 
being  used  to  get  a  good  result.  The  flask  to  contain  the 
odd  side  should  have  bars  of  iron  or  wood  following  the 
shape  of  the  pattern.  These  are  really  intended  to  sup- 
port the  thickness  of  plaster  used,  for  it  is  obviously 
unnecessary  to  fill  the  box  with  plaster,  as  only  a  parting 
surface  on  which  the  ramming  of  the  drag  may  take 
place  is  all  that  is  required.  This  thickness  will  depend 
on  the  irregularity  of  outline  and  the  depth  of  lift  ren- 
dered necessary  by  the  parting  selected.  The  patterns 
are  carefully  oiled — olive  oil  is  best.  Plaster  of  Paris  is 
mixed  with  water  to  a  moderately  thick,  creamy  con- 
sistency by  adding  dry  plaster  to  the  water  and  stirring. 
This  is  poured  into  the  flask  surrounding  the  patterns 
to  the  required  depth,  and  allowed  to  set.  In  a  very 
short  time  it  will  be  possible  to  lift  it,  and  the  patterns 
will  be  left  on  the  sand  bed.  Any  matter,  sand,  &c., 
adhering  to  the  surface  may  be  removed,*  and  any  paring 
necessary  may  be  done  with  a  sharp  tool ;  the  actual 
parting  at  the  edge  next  the  pattern  should  not  be 
interfered  with  other  than  to  remove  anything  sticking 
to  the  plaster  cast.  The  cast  must  then  be  thoroughly 
dried.  The  necessary  hard  parting  surface  is  thus 
obtained,  and  if  the  back  supports  are  properly  arranged 
the  thickness  of  plaster  need  not  be  great,  and  the  odd 
side  will  be  much  lighter  than  one  made  in  sand. 

Metal  "  follow  boards  "  are  sometimes  cast  with  cavities 
for  the  patterns.  It  is  much  more  difficult  to  get 
the  recesses  for  the  patterns  accurate  in  form  or  size, 
as  the  cavities  are  made  by  ramming  up  a  box  on  the 
top  of  one  from  which  the  patterns  have  been  withdrawn, 
so  that  the  sand  takes  the  form  of  the  pattern.  Another 
box  is  rammed  on  this,  and  the  sand  surface  cut  away 
to  leave  the  thickness  of  the  plate  necessary. 
On  pouring,  the  metal  surrounds  the  sand  cores  left 
in  the  ramming.  The  order  of  procedure  is  :  (a)  Bed 

^  A  method  of  preventing  the  plaster  from  adhering  to  the  sand  is  to 
lay  tinfoil  over  the  sand  surface  in  which  the  patterns  are  embedded. 
A  box  is  rammed  up  on  this  to  make  the  foil  lie  close.  This  box  is 
removed  and  knocked  out,  and  the  plaster  odd  side  made  up  as 
directed  on  the  tinfoil  face. 
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the  patterns  to  the  parting ;  (b)  ram  up  a  box  on  this,  A  (a 
light  frame,  the  intended  thickness  of  the  follow  board, 
and  having  the  shape  of  the  outer  edge  of  the  plate,  with 
handles,  &c.,  as  required,  may  be  put  round  patterns, 
and  rammed  up  with  the  box);  (c)  turn  over  and 
remove  pattern,  and  attend  to  any  mending  (there 
should  be  none  if  the  parting  has  been  rightly  chosen) ; 
(d)  after  drying  ram  up  second  box  of  mould,  B  ;  (e) 
turn  over  and  lift  A.  Remove  the  wood  frame  and 
cut  out  all  sand  on  the  inside  of  the  frame  to  that 
depth,  so  that  on  closing  the  mould  it  forms  a  plate  cored 
out  to  fit  the  patterns.  A  gate  can  be  made  through  B,  all 
necessary  attention  in  other  directions  given,  and  the 
mould  closed  and  poured.  The  method  given  will  also 
serve  in  many  cases  for  the  production  of  stripping  plates 


a 


through  which  patterns  may  be  drawn.  If  the  pattern 
is  in  halves  a  board  may  be  used  instead  of  a  sand  bed 
at  A. 

Loose  Pieces  on  Patterns — Even  with  the  most  careful 
selection  of  partings,  it  is  difficult  to  mould  some  forms 
with  flat  or  nearly  flat  partings. 

The  pattern  Fig.  82  is  a  case  in  point.  The  projections 
a  6  on  the  side  would  prevent  its  being  drawn  from  the 
sand  if  moulded  in  position  A  unless  the  parting  was 
made  along  x  y,  as  in  B.  This  would  entail  a  very  much 
deeper  lift  in  the  cope  than  such  a  small  pattern  should 
require,  and  occasion  more  labour  and  care  in  moulding, 
handling,  &c. 
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Such  difficulties  can  be  got  over  in  many  cases  by 
having  the  projecting  pieces  loose  on  the  pattern,  so  that 
when  the  mould  is  made  and  the  rest  of  the  pattern 
withdrawn,  they  are  left  embedded  in  the  sand  and  can 
be  drawn  inwards.  A  projection  thus  dealt  with  must, 
of  course,  project  from  the  side  less  than  the  width  of 
the  space  into  which  it  is  drawn,  allowing  clearance  for 
the  bent  spike  (Fig.  85)  that  is  driven  in  to  remove  it. 
The  pieces  are  tapered  to  draw  in  that  direction. 

Similar  pieces  are  often  used  both  in  moulds  made  in 
flasks  and  in  the  floor.  Figs.  83-86,  taken  from  "Aughtie's 
Practical  Pattern  Making,"  form  another  illustration. 
They  represent  a  bracket  with  "  chipping  strips  "  and 
circular  bosses  A  B.  In  order  to  mould  the  bosses, 
which  are  required  for  obvious  reasons  to  be  quite  sound, 


FIG.  83.  FIG.  84. 

downwards,  and,  for  simplicity,  to  make  the  mould  with 
only  one  joint  face,  it  is  necessary  to  make  the 
bosses  A  B  readily  detachable  from  the  pattern.  They 
are  secured,  as  shown  in  Fig.  86,  by  means  of  skewers.  The 
bosses  are  turned  with  a  feather-edge  fillet,  and  the 
skewer  passes  through  a  hole  in  the  middle  into  the 
pattern.  Sometimes  the  end  of  the  skewer  is  screwed, 
and  a  nut  is  let  into  the  pattern.  When  the  loose  pieces 
have  been  completely  surrounded  and  the  sand  sufficiently 
consolidated  to  keep  them  in  place  the  skewers  are  with- 
drawn, leaving  the  loose  pieces  free  in  the  mould  and  resting 
in  position  against  the  pattern,  supported  by  sand,  the 
ramming  of  which  is  then  completed.  No  opposition  will 
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be  encountered  in  drawing  the  main  body  of  the  pattern, 
and  the  bosses  may  be  removed  as  shown  in  Fig.  85,  by 
the  bent  spike  D.  Care  is  necessary  in  ramming  up 
after  removing  the  skewers  to  prevent  the  loose  pieces 
from  being  displaced. 

Another  method  of  securing  such  loose  pieces  is 
shown  in  Fig.  87.  A  thin  dovetail  piece  is  fastened  on 
to  each  boss,  and  this  fits  loosely  into  a  corresponding 
recess  in  the  pattern.  The  wide  end  of  the  dovetail  is 
turned  away  from  the  direction  in  which  it  is  intended  to 
draw  the  pattern,  so  that  the  pieces  are  readily  detached 
and  left  when  the  pattern  is  removed.  The  probabilities 
of  the  pieces  being  moved  are  less. 


FIG.  85. 


This  principle  is  very  widely  applied,  especially  in 
floor  moulding,  and  for  want  of  attention  by  the  pattern- 
maker to  make  the  necessary  parts  loose,  much  trouble 
is  given  to  the  moulder  or  much  damage  results  to  the 
pattern  in  the  separation  of  those  parts  that  the  moulder 
requires  to  be  loose. 

Sometimes  where  the  space  is  too  narrow  to  draw  a 
loose  part  another  method  is  followed.  The  pattern  is 
put  in  its  place  with  the  part  in  position  but  not  attached, 
and  rammed  up  to  the  top  of  the  loose  part.  A  flat 
surface  is  made  and  trowelled,  and  the  loose  piece 
rapped  and  lifted.  The  mould  of  the  part  is  finished  and 
covered  with  a  flat  cake  of  dried  loam  thick  enough  to 
resist  the  ramming,  thus  protecting  the  cavity  underneath 
from  intrusion  of  sand  in  completing  the  mould.  When 
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the  ramming  is  finished  the  pattern  may  be  withdrawn, 
and  the  cavity  left  by  the  loose  piece  forms  part  of  the 
mould.  This  method  only  applies  to  projections  from 
the  sides  having  a  flat  top,  unless  the  shape  of  the  top 
is  made  in  a  core  which  is  set  in  place  as  the  mould  is 
rammed.  If  this  were  not  done  either  the  partings 
would  have  to  be  made  to  suit,  possibly  entailing  the 
use  of  a  three  or  four  part  box,  or  the  projections  would 
have  to  be  moulded  like  cores  in  boxes,  and  the  dried 
cores  placed  in  position  in  the  mould  during  the  ramming 
up.  In  large  work  and  very  important  cases  cores  would 
be  used,  but  in  many  simple  cases  it  would  only  mean 
unnecessary  expense  in  moulding,  e.g.,  the  lugs  on  the 
sides  of  flasks,  &c. 


FIG.  87. 


By  the  use  of  loose  pieces  and  the  making  in  boxes 
like  cores,  of  other  parts  that  undercut,  suitable  prints 
for  fixing  being  provided  on  the  block  pattern  from  which 
such  details  are,  of  course,  omitted,  very  intricate  moulds 
may  be  built  up  with  only  a  parting  at  the  cope,  or  re- 
quiring the  use  of  only  a  two-part  box. 

The  division  of  the  pattern  into  halves  is  also  another 
method  of  reducing  moulding  difficulties  and  costs,  and 
in  some  cases  it  is  almost  indispensable.  A  single  sheave 
wheel  may  be  moulded  in  four  ways,  as  shown  in  Figs. 
88,  89,  90,  and  91,  pages  180  and  182. 

The  pattern  is  made  in  halves,  divided  along  a  b.  Fig. 
83  shows  a  method  by  which  it  can  be  moulded  in  a  two- 
part  box.  The  lower  half  having  been  made  in  the  drag,  a 
parting  X  Y  is  formed  from  the  rim  to  the  top  of  the  box, 
parting  sand  being  of  course  used.  The  upper  box  is  put 
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on  and  the  ring  of  sand  rammed  up.  This  fills  the  groove, 
and  a  parting  X  Z  is  formed  from  the  upper  rim  down  to 
the  bottom  of  the  box.  The  upper  box  is  replaced,  and 
rammed  up  in  the  usual  manner,  with  gate  pin,  &c. 
When  lifted  off  the  upper  part  of  the  pattern  may  be 
removed.  The  box  is  replaced,  the  mould  turned  over — the 
ring  of  sand  being  meanwhile  supported  on  the  inclined 
face  X  Z — and  the  drag  lifted  off.  The  lower  half  of  the 
pattern  may  then  be  removed,  and  the  mould,  after 
being  finished,  put  together  again  in  the  reverse  order, 
blacked,  and  the  core  set  for  the  shaft.  The  shape  of 
the  partings  effectively  prevents  the  sand  ring  from 
moving  during  the  operations  of  turning  over. 

Fig.  89  shows  a  method  requiring  a  three-part  box,  the 
sand  in  the  groove  being  supported  by  rods  and  sprigs. 
The  method  of  removing  the  pattern  is  obvious.  In 
ramming  the  middle  part  carrying  the  ring  the  sprigs 
are  placed  when  the  ramming  is  half-completed. 

Fig.  90  shows  another  method  of  moulding  it  in  a 
two-part  box.  The  sand  forming  the  groove  is  in  this  case 
carried  by  a  ring  which  is  carefully  blackleaded,  set 
with  the  pattern,  and  rammed  in  the  usual  way.  The 
lower  half  of  the  pattern  is  drawn  after  the  iron  ring  has 
been  lifted  from  the  box,  bringing  with  it  the  sand  it 
contains.  Horn  gates  (see  Gating)  are  used  in  pouring, 
where  several  such  moulds  are  made  in  a  box. 

Fig.  91  shows  the  groove  made  by  cores,  the  pattern 
being  provided  with  a  print  all  round.  This  method  is 
often  followed  for  pulleys  of  large  diameter,  in  foundries 
where  the  appliances  for  turning  over  large  boxes  are  not 
satisfactory.  The  parting  is  made  at  the  level  of  the  core 
print,  and  the  core  is  made  in  segments  in  a  suitable 
box,  or  if  of  large  dimensions  struck  up  in  sections  which 
may  be  laid  together  round  the  mould. 

Bedded-in  Moulds. — Heavy  castings,  castings  of  a 
considerable  depth  and  area,  are  best  made  in  the  sand  of 
the  floor,  and  may  be  covered  with  a  cope  or  cast  open. 
Open  sand  castings  have  usually  a  rough  skin,  and  only 
castings  in  which  this  is  unimportant  are  made  in  this 
way.  It  has  been  pointed  out  before,  that  the  cooling  of 
the  metal  by  exposure  to  the  air,  and  the  absence  of  pres- 
sure from  gates,  &c.,  is  responsible  for  this.  The  success 
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of  open  sand  castings  depends  partly  on  the  skill  of  the 
workmen,  but  more  on  the  character  of  the  sand  and  the 
metal. 

The  best  sand  for  the  purpose  is  of  a  very  open 
nature,  and  should  contain  a  large  proportion  of  sharp 
sand.  Below  is  given  the  results  of  an  examination  of  a 
sand  of  exceptionally  good  quality.  As  will  be  seen,  it  is 
of  a  very  coarse  character,  but  also  contains  a  considerable 
amount  of  fine  sand.  Similar  sands  can  be  made  up  of 
rock  sand,  road  sand,  sharp  sand,  black  sand,  coal  dust, 
and  a  little  loam  rubbish. 

Results  of  Examination  of  a  Sand  of  specially  good  quality 
referred  to  above. 

Mesh  of  Sieve.        Weight  Retained  by  Sieve.  Percentage. 

10  ..  69-0  ..  6-2 

20  ..  75-0  ..  6-9 

30  :'„'.  68-8  ...  6.2 

40  ..  98-4  ..  8.8 

60  ..  556-0  ..  51-0 

80  •  ;;:  72-3  ..  6.5 

90  ..  110-5  ..  10.1 

Passed  through  90's . .  48 . 0  .  .  4-3 


Total  weight      1,098-0  ..          100-0 

The  sand  was  carefully  sampled. 

The  above  sand  may  be  used  with  or  without  a  cope. 
Such  sand  has  the  advantage  that  it  is  almost  impossible  to 
ram  it  too  hard,  and  the  free  use  of  water  does  not  destroy 
its  venting  qualities.  It  saves  a  good  deal  of  venting. 

In  special  cases  parts  of  the  mould  are  made  in  boxes 
and  buried  in  a  pit,  the  construction  of  the  mould  being 
completed  in  the  floor. 

In  bedded-in  work  there  is  practically  only  one 
parting — the  cope — and  if  the  pattern  or  casting  requires 
that  further  division  be  made,  parts  of  the  mould 
must  be  made  independently  as  cores,  and  put  in  place 
after  the  withdrawal  of  the  pattern,  or  the  mould  must 
be  constructed  with  the  introduction  of  suitable  draw- 
back and  lifting  plates,  so  that  the  parts  may  be  lifted 
or  drawn  away  from  the  pattern  prior  to  its  withdrawal 
from  the  sand,  partings  and  seatings  being  so  arranged 
that  the  removed  parts  can  be  readily  replaced.  The 
withdrawal  of  the  drawbacks  often  entails  the  digging 
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away  of  the  sand  behind  them,  and  the  replacing  of  this 
after  closing  the  mould.  It  will  be  seen  that  work  of  this 
class  does  not  allow  of  the  same  amount  of  latitude  in  the 
handling  of  the  pattern  as  flask  moulding.  Great  atten- 
tion must  be  paid  to  its  construction,  so  as  to  allow  it  to 
be  drawn.  It  is  often  possible  to  overcome  difficulties 
in  drawing  patterns  where  suitable  partings  cannot  be 
arranged  by  making  some  of  the  projecting  parts  loose, 
in  order  that  they  may  be  drawn  inwards  after  the 
removal  of  the  rest  of  the  pattern.  Patterns  for  mould- 
ing in  this  way  should  only  be  made  after  consultation 


FIG.  88. 


with  the  foreman  moulder,  who  should  have  sufficient 
knowledge  to  read  a  drawing  and  from  it  determine  how 
he  would  prefer  to  make  the  mould.  He  should  decide 
what  parts  of  the  pattern  must  be  left  loose.  By  such 
contrivances  very  intricate  patterns  can  be  moulded 
in  the  floor,  other  undercut  parts  being  provided  for  by 
the  drawbacks  or  cores. 

In  all  floor  work  it  is  necessary  that  the  surface  of  the 
mould  should  be  level,  and  especially  in  open  sand  work, 
or  unequal  depths  and  thicknesses  will  be  the  result. 
Careful  preparation  of  the  sand  bed  is  of  the  first  impor- 
tance, for  the  complete  enclosure  of  the  lower  part  of  the 
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mould  makes  it  more  difficult  to  secure  satisfactory 
venting,  equality  of  ramming,  and,  in  general,  all  the 
conditions  necessary  to  produce  a  good  casting.  Much 
of  the  difficulty  is  due  to  the  fact  that  it  is  necessary  to 
force  the  pattern  into  the  sand  in  order  to  form  the 
bottom  face,  no  ramming  as  in  flask  moulding  being 
possible.  Any  projections  on  the  under  side  make  the 
sand  underneath  harder  and  closer,  thus  producing  an 
uneven  texture  with  the  probability  of  unsoundness. 
The  hardness  of  sand  required  depends  on  the  depth  of 
the  projection,  since  the  pressure  at  the  bottom  of  a  deep 
projection  may  be  sufficient  to  swell  the  cavity  consider- 
ably unless  hard  rammed.  In  moulding  large  loam 
plates  with  deep  prickers  sometimes  2ft.  to  3ft.  long,  or 
any  other  casting  with  many  deep  projections  closely 
set  together,  the  combined  pressure  at  the  bottom  of  the 
projections  may  break  away  the  intervening  sand,  and 
lift  it  bodily  over  the  whole  section  of  the  mould,  or  at 
some  part,  so  that  the  metal  flows  in  and  forms  a  solid  mass 
with  the  detached  portion  of  the  mould  on  top.  This 
can  only  be  avoided  by  using  a  harder  rammed  sand  bed 
in  the  bottom  portion,  as  the  metal  will  not  lie  quietly 
over  a  large  surface  if  it  be  too  hard.  Softer  sand  must 
not  be  used  in  the  upper  portion. 

Beds  covered  with  a  cope  must  as  a  rule  be  made 
harder  than  when  the  castings  are  made  open,  but  the 
hardness  necessary  depends  on  the  rapidity  with  which 
•  he  surface  is  covered  with  metal,  and  the  rate  at  which 
the  metal  is  run  in.  The  strain  on  a  bed  with  a  cope  is 
greater  because  of  the  pressure  of  the  head  of  metal  in 
the  gate,  which  is  absent  in  an  open-sand  mould. 

It  is  a  common  practice  with  some  moulders  to  bed  in  a 
pattern  by  simply  digging  out  a  cavity  which  they  think 
big  enough,  and  then  filling  it  up  with  loose  sand,  perhaps 
to  the  depth  of  1ft.  or  2ft.  They  then  put  the  pattern  on 
this,  and  with  a  hammer  drive  the  pattern  into  the  soft 
?a,nd,  using  a  wood  block  resting  on  the  pattern  to  strike 
on.  In  this  way  all  the  projections  underneath  are 
driven  further  than  the  rest  of  the  pattern.  This  method 
of  bedding  in  cannot  fail  to  produce  great  differences  in 
the  hardness  of  the  bottom  at  different  parts,  as  practically 
no  care  is  taken.  Further,  sand  does  not,  like  a  fluid, 
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transmit  the  pressure  equally  in  all  directions  and  equally 
throughout  its  mass,  so  that  the  surface  of  the  mould  is 
hardest  and  most  consolidated,  leaving  the  sand  under 
it  soft,  owing  to  the  pressure  of  driving  in  being  spent  on 
the  surface.  This  is  exactly  opposite  to  what  is  required, 
for  the  metal  will  only  lie  quietly  on  a  comparatively 
soft  surface  supported  by  a  hard,  unyielding  backing  of 
sand  with  channels  (vents)  running  through  it  to  convey 
away  the  gases.  True,  they  in  many  cases  rely  on  the 
floor  sand  behind  being  hard  enough  for  this  purpose, 
and  forget  that  very  often  there  is  a  considerable  thick- 
ness of  added  sand  between  the  face  of  the  mould  and 
the  undisturbed  floor  sand.  In  some  cases  this  is  as 


FIG.  90. 


much  as  a  foot,  and  various  kinds  of  trouble  may  arise 
from  this  cause.  For  example,  in  a  deep  projection  with 
vertical  or  nearly  vertical  sides,  the  end  as  it  enters  the 
sand  will  force  it  down  and  produce  great  hardness  at 
the  bottom.  It  does  not,  however,  press  upon  and 
consolidate  the  sides.  When  the  mould  is  poured,  the 
action  of  the  hot  metal  on  the  sides  of  the  cavity  will 
generate  gas,  and  may  lift  off  the  top  of  the  upper 
surface  forming  the  bottom  of  the  mould.  This  may 
be  assisted  by  the  heat  from  the  metal  covering  it — 
unless  the  mould  is  gated  from  the  bottom  of  the  pro- 
jection, as  is  sometimes  done — its  action  being  much 
greater  on  the  hard  surface  than  on  the  softer  backing. 
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This  would  result  in  scabbed  and  unsound  castings.  The 
hard  surface  would  be  likely  to  produce  "  cold  shut  " 
(cold  short)  castings. 

Another  difficulty  arises  from  the  softer  sand  at  the 
back  yielding  when  the  pressure  of  the  metal  conies 
upon  it.  This  occurs  just  when  the  mould  is  full,  and 
the  hot  metal  has  dried  the  hard  face  sufficiently  to  make 
it  yield.  The  soft  sand  below  crushes  and  makes  the 
casting  thicker  than  was  intended.  Usually  it  gives  way 
more  in  the  middle  than  at  the  sides,  and  sometimes  a  big 
swelling  is  produced.  Hot  metal  will  increase  the  difficulty. 

In  floor  moulding  it  is  necessary  to  have  the  under 
part  of  the  bed  solid  and  unyielding,  and  the  face  of 
the  mould  comparatively  soft.  The  deeper  the  mould 
and  the  greater  the  strain,  the  firmer  the  sand  should 
be,  taking  care  that  the  venting  of  this  hard-rammed 
portion  is  made  as  perfect  as  possible — (see  Venting). 
Where  the  depth  of  the  mould  is  such  that  this  cannot  be 
satisfactorily  done,  or  where  the  under  side  is  very  small 
compared  with  the  weight  of  the  casting,  the  lower  parts 
should  be  made  in  flasks  in  green  or  dry  sand  and  put  in  a 
pit  dug  for  the  purpose,  the  upper  part  of  the  mould  being 
completed  in  the  sand  of  the  floor.  In  using  flasks  for 
this  purpose  provision  must  be  made  for  the  gates  if  the 
casting  is  to  be  run  from  the  bottom,  the  flasks  where  the 
gate  enters  being  separated  by  blocks  during  ramming, 
so  that  the  runner  can  enter  between  the  separated  joints. 
If  this  method  is  unsuitable  or  difficult  to  carry  out 
then  a  loam  mould  is  the  only  alternative. 

Making  and  Levelling  a  Sand  Bed.  —  Beds  may  be 
levelled  with  straight-edges  laid  down  in  the 
floor  of  the  foundry  on  each  side  of  the  bed,  the 
upper  edge  being  level  with  the  surface  required.  The 
upper  surfaces  of  the  straight-edges  are  tried  with  a 
spirit  level  or  square  and  plumbob,  and  tested  for  "  wind  " 
by  a  third  straight-edge  resting  straight  across  the  others, 
and  from  side  to  side  and  diagonally  from  corner  to 
corner.  If  the  third  straight-edge  be  level  the  bed  of 
sand  included  between  the  two  bedded  in  the  floor  and 
struck  off  level  with  their  upper  surfaces  will  be  flat.  In 
some  cases  for  moulding  circular  work  a  ring  with  a 
turned  edge  is  used  instead  of  parallel  boards. 
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Such  beds  for  open-sand  work  often  stand  a  few 
inches  above  the  general  level  of  the  foundry  floor. 

In  making  and  levelling  up  a  bed,  some  little  differences 
of  procedure  may  be  observed.  A  common  plan  is  to  dig 
out  a  depth  of  sand  between  the  straight-edges,  open  it  up 
with  the  shovel,  and  moisten  and  riddle  if  necessary.  The 
space  between  the  straight-edges  is  filled  up  with  sand 
so  as  to  stand  from  Jin.  to  lin.  above  the  level  of  the 
straight-edges.  Strips  resting  on  the  straight-edges  are 
sometimes  used  to  get  this  thickness  uniform.  This  is 
rammed  with  the  bottom  of  the  third  straight -edge, 
which  should  have  a  face  about  lin.  broad,  and  is  pressed 
down  till  the  straight-edges  are  in  contact.  By 
repeating  the  operation  a  sufficient  number  of  times  a 
solid  bed  is  obtained.  Such  a  bed  is  often  all  that  is 
necessary  for  open  moulds.  Or,  the  bottom  of  the  dug- 


out cavity  may  be  gone  over  with  the  butt  rammer,  and 
sand  filled  in  between  the  straight-edges  may  be  rammed 
up  to  within  a  short  distance  of  the  top  in  the  ordinary 
way,  leaving  a  depth  of  from  lin.  to  IJin.  This  should 
be  thoroughly  vented  downward  (see  Venting),  and  the 
vents  closed.  Facing  sand  is  now  put  on  to  a  depth  of 
Jin.  higher  than  the  straight-edges  and  this  consolidated  by 
light  ramming,  or  by  pressure  with  the  straight-edge,  thus 
giving  a  sand  bed  as  even  as  possible  but  hard  in  the  bottom. 
In  making  plates  in  open  sand  especially,  it  has  already  been 
noted  that  a  good  deal  of  sharp  sand  in  the  facing  is 
advantageous.  Beds  for  castings  in  open  sand,  unless 
the  casting  be  a  thick  or  deep  one,  are  seldom  vented, 
sharp  sand  in  the  facing  and  light  ramming  or  no  ramming 
of  the  back  sand  being  relied  on  for  all  necessary  venting. 
When  it  is  necessary  to  strike  off  a  surface  that  is 
required  to  be  very  smooth  and  regular — a  proceeding 
not  followed  if  it  can  be  avoided,  as  it  has  a  tendency  to 
disturb  the  surface  sand — a  straight-edge  is  worked 
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irregularly  to  and  fro  from  side  to  side  across  the  bed, 
taking  care  that  every  movement  produces  a  forward 
motion.  Striking  off  a  sand  bed  must  never  be  done  by 
a  single  direct  forward  movement,  to  scrape  the  sand 
level. 

On  such  a  prepared  bed,  loam  plates,  core  irons,  floor 
plates,  furnace  fronts,  &c.,  may  be  made.  In  moulding 
core  irons,  &c.,  the  surface  is  covered  with  a  light- 
coloured  parting  sand,  and  the  outline  of  the  core  drawn 
on  the  surface.  The  light  sand  shows  up  the  lines. 

A  standard  pattern  grid  may  be  employed,  and  such 
parts  as  lie  outside  the  outline  on  the  sand  stopped  off, 
or  a  straight  piece  of  the  pattern,  Fig.  92,  having  a 
handlers  provided,  and  this  is  used  to  make  the  impression 
in  the  sand  along  lines  laid  out  inside  the  outline  marked. 
If  a  standard  pattern  be  employed  it  will  be  provided 
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with  dabblers  if  required,  but  if  made  up  the  dab- 
blers must  be  made  independently.  All  nuts  and  eyes 
necessary  to  carry  the  cores  are  cast  in — (see  Core 
Making). 

In  casting  plates  in  an  open-sand  mould,  whatever 
may  be  the  nature  of  the  sand  in  which  the  mould  is 
made,  good  facing  sand  should  be  used  for  the  pouring 
basin  at  the  side  of  the  mould,  as  it  withstands  the  con- 
tinued action  of  hot  metal  best.  Open-sand  moulds  are 
usually  made  deeper  than  the  thickness  of  the  required 
casting,  and  an  opening  or  openings  are  made  at  the  side 
at  the  required  level  by  which  the  excess  of  iron  may  flow 
into  hollows  at  the  side,  carrying  away  impurities  and 
giving  a  better  opportunity  for  the  escape  of  gases  by 
keeping  the  top  hot.  (See  Fig.  93.) 

Bedding  in  Patterns. — When  castings  with  large  flat  upper 
surfaces  are  made  with  a  cope  in  the  floor,  the 
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method  of  procedure  is  to  lay  the  pattern  on  the  sand 
and  press  it  so  as  to  mark  the  position  of  any  projections 
on  the  under  side.  The  pattern  is  lifted,  and  holes  wider 
and  deeper  than  the  projections  by  some  2in.  are  made 
underneath  the  impressions.  The  sides  of  these  holes 
should  be  sloped,  so  as  to  be  wider  at  the  top  and  made 
rough.  They  are  filled  with  fresh  sand,  the  pattern 
replaced  and  hammered  down  with  a  mallet,  the  back 
of  the  pattern  being  chalked  to  show  where  hammering 
is  necessary.  If  any  borders  or  ribs  occur  round  the 
outside  edge,  the  sand  bed  should  be  only  the  size  of  the 
inside  edge  of  these,  and  the  sand  should  be  tucked  up 
underneath  and  well  consolidated.  The  sides  of  the 
mould  may  now  be  rammed  in  the  usual  manner  to  the 
level  of  the  top,  and  the  joint  face  made. 


CHAPTER    IX. 
MOULDING  OPERATIONS  (Continued). 

THE  general  considerations  involved  in  the  making  of 
green  sand  and  dry  sand  moulds  have  already  been  dealt 
with,  but  the  operations  have  not  been  considered  in 
detail.  Ramming,  venting,  gating,  mending  up  and 
finishing,  coring,  closing,  and  weighting  or  holding  down, 
all  require  special  attention. 

Ramming. — In  ramming,  the  object  is  to  consolidate  the 
sand  to  produce  sufficient  firmness  to  prevent  the  cavity 
of  the  mould  from  being  enlarged  by  the  pressure  of  the 
metal,  and  the  sand  from  dropping  out,  without  making  it 
so  hard  and  close  as  to  obstruct  the  passage  of  air  and  gas 
in  getting  away  from  the  mould.  The  latter  condition 
would  cause  the  gas  to  boil  up  through  the  metal,  and 
produce  wasters.  Metal  will  not  lie  quietly,  "  kindly  "  as 
the  moulder  terms  it,  on  a  hard,  non-porous  bed  of  sand. 
These  are  the  points  to  be  borne  in  mind  so  far  as  the 
mould  is  concerned,  and  if  proper  attention  be  given,  as- 
suming that  other  conditions  are  satisfactory,  no  doubt 
of  the  successful  casting  of  the  mould  need  be  entertained. 
Many  other  points,  over  some  of  which  the  moulders 
have  little  or  no  control,  have  also  to  be  considered. 
The  chief  are,  the  nature  of  sand  as  regards  size  of  grain, 
amount  of  clayey  matter,  moisture,  and  blacking  (coal 
dust),  the  character  of  metal,  and  teeming  temperature. 
These  are  controllable  though  not  by  the  moulder,  but 
in  addition  some,  such  as  the  peculiar  shape  of  the 
casting,  the  distribution  of  metal  in  it,  i.e.,  heavy  and 
light  parts,  are  not  so  readily  controlled  and  have  much 
effect  in  making  or  marring  the  success  of  the  casting. 
Patterns,  also,  by  causing  the  mould  to  be  made  in  a 
certain  manner,  are  often  responsible  for  a  good  deal  of 
trouble. 

Most  of  these  directly  affect  the  ramming  up  of  the 
mould.  In  green  sand  moulds,  close-grained  and  wet  sand, 
and  sand  containing  more  clay,  will  produce  worse 
results  with  hard  ramming  than  more  open  and  drier 


188  MOULDING     OPERATIONS. 

sand,  or  sand  containing  more  blacking,  and  in  deep 
moulds  the  moulder  must  vary  the  sand  he  uses  at  different 
depths  to  suit  the  greater  degree  of  consolidation  and  con- 
sequent harder  ramming  rendered  necessary  by  the  greater 
pressure  to  which  the  mould  will  be  subjected.  This  is 
more  particularly  the  case  in  moulds  made  in  the  floor 
and  not  enclosed  in  flasks,  or  building,  or  by  ties,  but 
merely  supported  by  the  backing  sand  of  the  pit  or  floor 
not  specially  rammed. 

Whether  the  metal  washes  up  the  face  or  not  is  less 
dependent  on  the  ramming  than  on  the  sand,  except  in 
such  places  as  where  the  metal  falls  into  the  mould  from 
a  top  gate.  Those  parts  may  be  specially  protected  if 
necessary  either  by  putting  a  cake  of  dry  loam  on  which 
the  metal  falls,  or  by  sprigging  and  drying. 

The  mould  face  with  which  the  metal  comes  into  contact 
should  be  firm,  but  softer  than  the  back,  and  it  should  be 
of  the  same  hardness  all  over.  Light  even  ramming  of 
the  sand  next  the  pattern  with  not  less  than  Hin.  to  2in. 
of  sand  between  the  rammer  and  the  flat  surfaces  of  the 
pattern,  so  that  it  is  impossible  for  the  tool  to  strike 
it  in  ramming,  will  give  the  best  results.  Some  of 
the  facing  sand  should  be  sifted  over  the  pattern,  and  the 
rest  filled  in  regularly.  There  is  no  necessity  to  use  a 
large  amount  of  facing  sand.  An  inch  or  so  in  thickness 
is  quite  sufficient,  but  in  some  parts  more  must  be  used 
owing  to  the  peculiar  shape  of  the  casting. 

If  any  part  of  the  face  is  rammed  too  hard  and  close, 
the  gases  from  that  part  will  probably  pass  up  through 
the  metal  because  the  hot  metal  will  dry  the  surface 
and  make  it  porous  for  the  gases  below  to  pass  upwards 
more  readily  than  through  the  close  undried  part 
behind.  If  the  gases  arc  given  off  too  rapidly  for  the 
dry  surface  to  allow  them  to  pass  freely,  then  the  sand 
will  probably  be  blown  off  and  a  scab  formed,  unless  the 
gases  escape  sideways  into  the  soft  parts. 

If  hard  ramming  is  necessary  it  must  be  done  on  the 
sand  behind  the  face,  and  the  evils  resulting  from  it  pre- 
vented by  free  use  of  the  vent  wire.  The  harder  the 
ramming,  and  the  more  venting  that  will  be  necessary.  In 
deep  moulds  the  lower  parts  will  require  to  be  more  solid 
and  resisting,  owing  to  the  increased  pressure  due  to  the 
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greater  depth  of  metal.  Speaking  generally,  the  flat 
bottom  will  not  be  rammed  as  hard  as  the  sides,  due 
partly  to  the  fact  that  the  ramming  action  on  the  sides  is 
not  vertical,  and  so  greater  force  is  necessary  to  produce  as 
much  lateral  compression.  The  lowest  point  is,  of  course, 
hardest,  and  this  is  diminished  towards  the  top  of  the 
mould.  The  pegging  rammer  should  be  kept  at  least  lin. 
from  the  pattern  on  the  sides.  Marks  and  veining  on 
the  sides  of  castings  often  result  from  a  course  of  sand  that 
has  been  rammed  too  hard  and  been  too  wet.  Having  the 
sides  too  soft  near  the  bottom  may  produce  swells.  This 
often  results  from  adding  too  much  sand  at  a  time,  so  that 
the  rammer  cannot  get  to  work  properly.  The  effect  of 
the  rammer  should  pass  right  through  the  added  sand,  so 
as  to  form  proper  union  and  equal  hardness  with  that 
beneath. 

Sand  containing  much  moisture  will  not  allow  of  as 
hard  ramming  as  drier  sand,  and  as  the  harder  the  ramming 
the  greater  pressure  the  mould  will  withstand  and  the 
less  likelihood  of  damage  in  handling,  &c.,  it  follows 
that  for  heavy  and  important  work  the  drier  and 
more  uniform  sand  will  produce  better  results  if  coupled 
with  better  ramming  and  venting.  Reference  has  already 
been  made  to  the  texture  and  grain  of  the  sand,  and  should 
not  be  lost  sight  of. 

Moulds  which  are  poured  with  hot  metal  and  which  are 
filled  rapidly  require  to  be  especially  well  made.  The 
ramming  should  be  firm,  the  sand  not  too  damp,  well 
stayed  and  supported,  well  finished  and  well  vented. 

The  above  remarks  are  intended  to  point  out  to 
moulders  that  muscular  effort  is  not  the  only  thing 
necessary  in  ramming,  and  a  moulder  who  has  the 
reputation  of  "a  good  rammer  "  may  have  as  many 
difficulties  to  face  as  a  less  energetic  man.  Unfortunately, 
the  latter's  lack  of  energy  often  arises  less  from  know- 
ledge than  an  indisposition  to  exert  himself. 

Copes  may  be  rammed  harder  than  the  bottoms  and 
most  other  parts  of  moulds,  without  the  dangers  usually 
attending  hard  ramming.  They  must,  however,  be  evenly 
rammed  and  well  supported.  The  reason  for  the  harder 
ramming  is  to  secure  it  against  a  drop  out  in  turning  it 
over  and  closing  the  mould.  The  heat  radiated  from  the 
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hot  metal  as  the  mould  is  filled  partially  dries  the  skin,  and 
this  overcomes  the  trouble  resulting  from  hard  ramming 
and  wet  sand,  if  the  back  be  well  vented. 

The  rammer  should  always  be  used  so  as  to  avoid 
striking  the  bars  or  other  iron  supports  for  the  sand,  or 
the  effect  will  be  to  shake  the  sand  free  from  the  support, 
and  weaken  the  hold  it  has  upon  it. 

In  dry  sand  moulding  harder  ramming  is  generally  done 
than  in  making  green  sand  moulds.  The  causes  which 
make  this  possible  have  already  been  discussed,  and  the 
necessity  of  trowelling  down  the  joint  also  dealt  with. 

In  ramming  up  back  sand  care  should  be  taken  that 
the  force  used  does  not  disturb  the  sand  of  the  face,  or 
portions  of  the  mould  will  break  away  easily  in  drawing 
the  pattern  and  give  rise  to  a  lot  of  mending  up. 

Venting. — This  operation  consists  of  providing  channels 
for  the  easy  passage  and  movement  of  the  gases  contained 
in,  and  generated  by  the  contact  of  the  hot  metal  with 
the  materials  of  the  mould.  The  necessity  for  careful  and 
perfect  venting  has  already  been  alluded  to,  and  is  due  to 
several  causes  : — 

(a)  The  expansion  of  the  air  contained  in  the  pores  of 

the  mould. 

(b)  Steam  and  gas  produced  by  the  water  vapour  (in 

green  sand  moulds)  coming  into  contact  with  the 
hot  metal. 

(c)  Action  of  the  hot  metal  on  coal  dust  and    any 

organic  matter,  such  as  oil,  gum,  peasemeal, 
flour,  &c.,  used  in  the  sand,  and  in  the  facings, 
on  chaplets,  and  in  mending  up. 

The  material  of  which  the  mould  is  made  is  porous, 
and  contains  a  large  amount  of  air.  Cast  iron  is  poured 
in  at  temperatures  varying  from  1,400°  to  1,600°  C.  Air 
is  doubled  in  volume  by  an  increase  of  273°  C.*  So  that 
1  cub.  in.  of  air  at  15°  C.  (the  ordinary  temperature) 
becomes  2  cub.  in.  at  288°  (273  +  15),  and  at  1,600° 
is  5-86,  or  nearly  six  times  its  original  volume.  The  air 
in  the  pores  of  the  sand  on  the  face  becomes  very  strongly 
heated  and  expands  ;  that  in  the  sand  behind  is  heated  in 
a  less  degree,  but  the  suddenness  of  the  increase  in 
volume  of  the  air  at  the  moment  of  contact  causes  it  to 

*  More  correctly  its  volume  increases  5}g  of  its  volume  at  0°C.  for  each 
increase  of  1°C. 
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strike  back  to  the  vents,  or  up  through  the  molten  metal. 
As  it  passes  backward  it  is  cooled  by  contact  with  the 
sand,  to  which  it  gives  up  its  heat  and  the  volume 
diminishes.  But  for  this  the  mould  face  would  invariably 
be  blown  off. 

The  moisture  in  the  sand  which  becomes  heated  is 
converted  into  steam.  Steam  occupies  about  1,400 
times  as  much  space  as  the  water  from  which  it  is  formed. 
The  conversion  is  sudden,  and  the  steam  expands  on 
heating  above  the  boiling  point  just  in  the  same  way  as  air 
does.  So  that  a  particle  of  water  suddenly  heated  to  1,600° 
C.  would  become,  unless  under  pressure,  1,400 +  (1,400  x 
5  •  5)  =  9, 100  times  the  volume  of  the  water.  If  prevented 
from  expanding  the  rise  in  pressure  causes  portions  of 
the  mould  to  become  detached.  The  strongly-heated 
steam,  in  passing  back  to  the  vents,  is  cooled  by  the  sand 
and  is  generally  condensed,  the  amount  escaping  being 
small.  It  will  have  been  noticed  that  after  casting,  the 
sand  next  the  face  is  dry  and  burnt,  while  that  behind  is 
generally  damper  than  when  used  owing  to  condensation. 

Molten  iron  decomposes  water  vapour  combining  with 
the  oxygen,  liberating  hydrogen  and  forming  an  oxide  known 
as  magnetic  oxide  of  iron.  The  formation  of  a  skin  of  this 
substance  (of  a  bluish-black  colour)  is  often  seen  on  castings. 
It  resists  the  rusting  action  of  air  and  moisture,  and  is 
actually  produced  on  iron  articles  by  special  treatment 
(Bower-Barff  process)  to  preserve  them.  The  skin  of 
castings  for  exposure  is  therefore  interfered  with  as  little  as 
possible  in  dressing.  Hydrogen  is  a  combustible  gas  and 
mixes  with  the  gases  coming  from  the  mould.  Mixed 
with  air  it  forms  an  explosive  mixture,  and  is  largely 
responsible  for  the  "  pop  "  when  the  gas  round  a  mould 
fires. 

Trouble  is  sometimes  encountered  from  the  presence 
of  water  when  least  expected.  A  dry  sand  mould  has  some- 
times to  be  made  and  cast  in  a  hurry.  The  mould  is 
brought  from  the  oven  often  steaming  and  should  be 
cast  at  once.  If  the  inner  surface  of  the  mould  be  left 
to  cool,  steam  passing  through  from  the  back  sand  may 
get  condensed  in  the  pores  and  close  them,  giving  results 
worse  than  could  be  got  in  green  sand. 

Coal  dust  when  heated  gives  off  about  380  times 
its  bulk  of  gases,  and  this  is  of  course  subject  to  the  same 
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expansion  by  heat  as  other  gases.  It  will  be  seen  there- 
fore that  stronger  facings  are  capable  of  producing  more 
gas  than  weaker  ones,  and  why  it  is  advisable  to  use  only 
the  amount  necessary  to  make  a  casting  peel  well. 
Strong  facings  and  hard  ramming  often  produce  cold  shorts 
and  veining  due  to  entrapped  gas  unless  the  venting  is 
correspondingly  free.  The  absorption  of  heat  in  distilling 
the  coal  has  a  cooling  effect,  and  the  action  of  the  gas  film 
in  preventing  perfect  contact  of  the  iron  with  the  mould 
has  already  been  referred  to. 

The  carbon  in  the  coal  dust  burns  in  the  oxygen  of 
the  air  present  to  carbon  dioxide  or  carbon  monoxide. 
The  latter  gas  has  twice  the  volume  of  the  oxygen  it 
contains. 

The  greater  the  extent  to  which  any  portion  of  a 
mould  is  surrounded  by  the  metal  and  the  more  perfect  the 
venting  necessary. 

It  is  as  a  rule  more  difficult  to  vent  the  bottom  surface 
of  a  mould  than  the  sides  and  top.  The  natural  tendency 
of  the  gases,  being  lighter  than  the  metal,  is  to  rise,  and 
this  is  only  prevented  by  the  pressure  of  the  metal 
covering  the  bottom.  Only  the  provision  of  free  venting 
arrangements,  making  the  resistance  downward  less  than 
the  resistance  upward,  will  prevent  the  gas  from  bubbling 
through  the  metal.  With  the  sides  it  is  somewhat 
different. '%  The  gases  generated  as  the  rising  metal  comes 
first  into  contact  with  them  can  escape  upwards  without 
producing  the  same  boiling  effect.  With  colder  metal, 
however,  especially  with  a  bottom-gated  mould,  the 
amount  of  gas  from  a  sand  containing  too  much  coal 
dust  may  be  unable  to  escape  if  the  venting  is  not 
efficient,  and  produce  cold  shut,  furrowed  castings,  and 
the  faster  the  mould  is  filled  with  dull  metal  the  more 
likely  is  this  to  happen,  unless  the  venting  is  freely  done. 

Venting  the  Bottoms  of  Heavy  Moulds; — This  is  best  done  by 
laying  down  a  cinder  bed  into  which  the  vents  can 
pass.  With  heavy  castings  this  is  necessary.  The  cinder 
bed  should  be  about  a  foot  below  the  surface  of  the  mould, 
and  may  be  about  12in.  thick.  The  coke  or  clinkers 
used  for  this  purpose  should  be  arranged  with  care. 
The  bottom  of  the  hole  dug  out  for  the  purpose  should  be 
gone  over  with  the  flat  rammer,  and  the  larger  clinkers 
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laid  down  to  a  depth  of  say  Sin.  or  4in.  On  this  pieces  of 
smaller  size  may  be  laid  to  a  similar  depth,  and  on  this  a 
layer  of  finer  material  is  placed,  finishing  with  the  finest 
and  finally  covering  with  hay.  Beds  built  in  this  way  vent 
freely,  and  there  is  no  need  to  use  hay  except  on  the  top, 
while  there  is  no  probability  of  the  sand  getting  down  and 
choking  it  up.  Two  or  more  iron  pipes  may  be  laid 
diagonally  with  their  lower  ends  in  the  bed  and  the 
upper  ends  projecting  above  the  foundry  floor.  These 
pipes  should  have  a  plug  of  hay  or  some  similar  material 
to  prevent  sand  getting  down  and  choking  them,  and 
should  be  covered. 

Sometimes  a  few  cinders  are  put  under  any  difficult 
part,  and  vents  brought  diagonally  to  the  surface. 

In  making  a  "  bedded-in "  mould,  after  the  first 
ramming  or  bedding  has  been  done(see  page  185),  and  before 
the  facing  is  put  on,  this  bottom  is  thoroughly  vented 
with  a  Jin.  or  fin.  vent  wire,  driving  it  right  down  into 
the  cinder  bed.  These  are  the  main  vents,  and  ought  to  be 
not  more  than  1  Jin.  apart.  It  is  necessary  to  close  these 
vents  at  the  top  or  the  metal  may  get  into  and  choke  them. 
Choked  vents  are  worse  than  none  at  all,  for  the  sand 
having  been  made  hard  in  reliance  on  them,  the  escape  of 
the  gases  is  prevented  and  the  hot  metal  in  them  increases 
the  amount  to  be  got  rid  of.  Some  close  the  vents  by 
pushing  the  finger  down  each,  a  practice  that  may  cause 
a  lot  of  sand  to  fall  to  the  bottom  of  the  hole  and  partly 
choke  it,  as  well  as  taking  the  vents  too  far  below  the 
surface.  They  should  be  gone  over  by  hand,  and  the 
tops  closed  before  the  final  bedding  is  done,  and  afterwards 
examined  to  see  that  the  sand  over  the  surface  is  equally 
firm.  Any  soft  places  or  open  vents  are  attended  to, 
the  former  being  made  good  by  adding  sand  and  the 
latter  properly  closed.  Vents  of  this  kind  need  not  be 
nearer  the  surface  than  fin.  to  lin.  Any  venting  from 
the  surface  to  them  that  may  be  desirable  may  be  done 
with  the  pricker  and  gone  over  with  the  hand  to  close 
the  small  holes  on  the  surface.  This  latter  must  be 
carefully  done,  the  one  object  being  to  insure  freedom 
of  exit  for  the  gas  without  allowing  the  metal  to  get  down 
into  the  vents.  Speaking  generally,  gas  will  find  its 
way  through  from  Jin,  to  lin.  of  sand,  but  the  thickness 

Ml 
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will  depend  on  the  sand,  the  moisture  present,  and  the 
hardness  of  the  ramming. 

Sometimes  the  under  sides  of  moulds  are  vented  by 
digging  out  a  trench  down  each  side  of  the  mould  and  push- 
ing the  vent  wire  through  from  one  side  to  the  other  at 
frequent  intervals.  The  trenches  are  either  left  open 
or  filled  with  coke,  and  covered  over  to  prevent  the  sand 
getting  into  and  choking  the  holes.  This  method  serves 
for  thin  and  narrow  castings.  Surface  venting  is,  of 
course,  necessary.  This  method  of  venting  is  similar  to 
the  use  of  the  venting  wire  under  boxes  resting  on  the 
foundry  floor. 

The  sides  of  moulds  are  vented  diagonally,  and  the 
vents  may  be  brought  off  at  the  joint  face  of  the  mould, 
or  the  big  vent  wire  may  be  used  to  carry  them  down  to 
the  cinder  bed  underneath.  The  latter  is  often  the  better 
plan,  especially  where  there  is  any  possibility  of  fins 
being  produced  at  the  joint,  for  in  that  case  the  metal 
would  get  into  and  choke  the  vents  if  brought  up  to  the 
face.  Vents  carried  downwards  may  be  closed  at  the 
joint,  and  this  trouble  avoided.  Where  finning  is  not 
likely  to  occur,  bringing  off  the  vents  at  the  joint  has  no 
objection,  and  gutters  may  be  cut  to  collect  them.  These 
should  not  be  large,  or  the  accumulation  of  gas  when 
fired  may  lift  the  cope.  Firing  the  gases,  if  done,  must 
be  done  with  care.  Early  ignition  may  start  the  mould 
or  some  part  of  it.  This  is  merely  due  to  the  fact  that 
that  part  of  the  mould  not  filled  with  metal  is  filled  with  an 
explosive  mixture  of  gas  and  air,  the  force  of  the  explosion 
depending  on  the  volume  and  explosiveness  of  the  mixture. 
When  it  contains  an  excess  of  gas  from  the  coal  dust,  its 
explosive  force  is  reduced,  and  as  the  cavity  is  filled  with 
metal,  and  the  proportion  increases,  due  to  the  continued 
action  of  the  hot  metal  on  the  mould,  the  gas  burns  quietly 
if  ignited  near  the  end  of  the  pouring.  Many  a  casting  has 
been  spoiled  through  the  incautious  or  accidental  ignition 
of  the  gases  starting  the  mould  and  shaking  the  cope. 
Vent  pipes  and  rises  are  generally  best  kept  closed  in 
pouring  moulds  of  great  capacity. 

In  all  difficult  places,  wherever  possible  a  main  vent 
should  be  driven  with  the  larger  wire,  and  smaller  vents 
near  the  surface  made. 
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In  venting  copes  and  box  parts  generally  less  trouble 
is  encountered  than  with  bedded  work.  The  vents  can 
be  brought  off  directly  at  the  top  of  the  box.  The  pricker 
is  driven  in  towards  the  pattern,  too  often  right  up 
to  the  face,  its  surface  being  covered  with  pricker 
marks.  This  is  not  necessary,  and  it  need  not  pass  within 
Jin.  or  fin.  of  the  face  if  the  sand  be  right.  Copes  of 
bedded  moulds  require  very  good  venting  on  account  of 
the  hard  ramming  they  receive,  downward  projections 
requiring  special  attention.  If  perfectly  flat,  the  gases 
escape  largely  at  the  joint.  When  too  close  the  en- 
trapped gas  forms  furrows  and  round  hollows  on  the  under 
surface.  The  use  of  too  much  coal  dust  and  of  core- 
binding  material  will  increase  the  tendency  to  produce 
this  effect,  and  with  stiffer,  cooler  metal,  and  thin  plates, 
it  is  most  noticeable,  because  the  metal  sets  before  the 
gas  can  get  away.  Bubbles  so  entrapped  give  concave 
circular  depressions  like  small  pox-marks. 

Gating. — The  selection  of  the  size,  shape,  and  position  of 
the  channels  by  which  the  metal  shall  enter  the  mould 
is  a  matter  of  great  importance,  and  the  shape  and  weight 
of  the  casting  must  be  fully  considered  as  well  as  parts  which 
are  required  to  be  sound  and  clean.  Risers  and  feeding 
gates  must  be  considered  at  the  same  time. 

The  size  of  the  ingates  is  determined  by  the  weight 
and  shape  of  the  casting  and  the  temperature  of  the 
metal.  The  openings  must  be  large  enough  to  allow 
the  mould  to  fill  without  the  metal  becoming  chilled  or 
stiff,  and  thus  producing  cold-short  castings. 

The  amount  of  liquid  iron  that  can  flow  through  an 
orifice  of  given  size  in  a  fixed  time  under  a  certain  head  of 
me talis  as  definite  as  the  quantity  of  water  flowing  through 
under  similar  conditions,  and  is  influenced  in  the  same 
way  by  alteration  of  the  conditions,  increased  friction, 
obstruction,  change  of  direction,  &c.,  diminishing  the 
amount  delivered. 

Hence,  although  openings  Sin.  by  3in.,  4 Jin.  by 
2in.,  Gin.  by  IJin.,  and  9in.  by  lin.  have  all  the 
same  area  of  cross  section,  the  first-named 
would  be  the  quickest  runner  and  the  others  in 
the  order  named.  The  alteration  in  the  shape  of  the 
opening  increases  the  surface  in  contact  with  the  moving 


1  OH  MOULDING    OPERATIONS. 

stream  of  metal,  thus  the  total  boundary  in  the  first  case 
is  4  sides  of  3in.  =  12in.,  in  the  second  2  sides  of  4Jin.  and 

2  of  2in.  -13in.,  of  the  third  15in.,  and  of  the  last   20in., 
added  to  which  the  narrowed  space  causes  the  effect   of 
the  viscidity  of  the  metal  to  be  more  pronounced  and  to 
resist  the  flow.     Hence,  where  rapid  filling  is  the  principal 
consideration,  gates  which    include    the    largest  area  of 
cross  section  and  expose   the   smallest  surface   are   pre- 
ferable.    For  this  reason  round  gates  are  to  be  preferred 
to  square  or  rectangular  ones.     Comparing  two  gates  of 
9  sq.  in.  area   of   cross    section,    the    square    one   has   a 
boundary  of  12  linear  inches,  while  the  boundary  of   the 
cylindrical  one  has  only  lO63m. 

Another  reason  for  the  use  of  round  gate  pins  is  the 
greater  ease  with  which  they  can  be  withdrawn.  Besides 
weight,  the  shape  and  nature  of  castings  require  considera- 
tion. Note  must  be  taken  of  the  rapidity  with  which  the 
metal  is  cooled  on  entering  the  mould.  Any  tendency  to 
increased  rapidity  of  cooling  must  be  counteracted  by  a 
corresponding  increase  in  the  area  of  the  ingate.  Hence 
a  plate  would  require  a  bigger  gate  than  a  cube  of  the 
same  contents,  owing  to  the  increased  resistance  offered 
to  the  flow  of  the  rapidly  cooling  metal  if  filled  too 
slowly. 

The  shape  selected  is  therefore  dependent  on  the 
form  of  the  casting.  Evidently  a  long,  thin  casting 
cannot  be  run  with  a  thick  gate,  as  the  larger  mass  of 
the  metal  in  the  runner  would  cause  a  draw,  and  also  be 
difficult  to  detach  without  damage  to  the  casting.  In 
such  cases  very  rapid  filling  is  necessary,  and  this  is 
secured  by  using  a  long,  narrow  opening  for  the  gate  or 
else  a  spray  of  runners  (sprue)  as  shown  in  Fig.  94. 

The  thickness  of  the  runner  at  its  junction  with  the 
casting  is  slightly  diminished  as  shown  (A,  Fig.  94),  to 
enable  it  to  be  separated.  With  very  thin  castings  the 
runner  may  extend  down  the  greater  part  of  its  length, 
and  if  the  casting  be  of  considerable  length  several  such 
gates  may  be  employed,  separated  from  each  other  by  a 
short  interval.  Moulds  of  this  type  are  of  course  filled 
with  hotter  and  more  fluid  metal  than  those  for  heavier 
castings,  and  the  greater  cooling  surface  of  the  thinner 
runner  has  thus  less  effect.  The  objection  to  having  a 
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gate  too  large  for  the  work  is  the  production  of  draws  and 
waste  of  metal.  It  is,  however,  better  to  err  on  the  side 
of  excessive  gate  area  than  the  reverse,  and  in  small  and 
thin  castings  scant  attention  is  paid  to  the  area  of  the  gate, 
providing  it  is  sufficient  to  run  it  perfectly  and  causes 
no  trouble  in  producing  draws  and  is  easy  to  detach. 

The  position  of  the  ingate  is  of  even  greater  impor- 
tance, as  it  helps  to  determine  the  soundness,  cleanliness, 
and  skin  character  of  the  casting. 


8  PRAY. 


SECTION  OF  SPRAY. 


FLAT  RUNNER  STICK 
FOR  THIN  CASTINGS. 

FIG.  94. 


GATE 
PIN. 


Gates  should  in  general  be  placed  on  the  heaviest  part 
of  a  casting,  e.g.,  the  hub  of  a  wheel,  to  avoid  the  effect 
caused  by  the  heat  contained  in  it. 

Top  Gating. — The  advantages  of  running  the  casting 
from  the  top  where  possible  are  many.  Little  difficulty  is 
experienced  in  making  the  gates,  and  the  hot  metal  fresh 
from  the  ladle  falls  upon  that  already  in  the  mould, 
keeping  its  surface  agitated  and  hot,  so  that  as  it  rises  in 
the  mould  the  possibility  of  entrapping  gases  and  causing 
cold  shorts  is  very  much  reduced.  The  disturbance 
caused  by  the  falling  metal  also  tends  to  prevent  any  dirt 
or  detached  pieces  of  the  blacking  from  adhering  to  the 
sides  of  the  mould  and  injuring  the  face  and  appearance 
of  the  casting.  The  whole  tendency  is  to  help  keep  the 
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casting  clean,  as  it  insures  the  hottest  metal  always  being 
at  the  top  ;  that  is,  at  the  part  of  the  mould  being  freshly 
filled.  Top  gates  must  be  placed  so  that  the  metal  does 
not  strike  on  or  wash  the  sides  of  cores,  and  should  be 
vertical  so  that  the  metal  falls  directly  to  the  bottom 
without  washing  the  side  of  the  mould.  The  lodgment 
of  dirt  under  projections  in  the  mould  is  not  prevented, 
but  the  tendency  is  reduced,  and  except  where  the  surfaces 
are  flat  it  is  almost  certain  to  be  brought  up  to  the  top. 

The  difficulty  to  be  overcome  is  mainly  the  destruc- 
tive effect  of  the  hot  metal  falling  from  a  height  on 
the  bottom  of  the  mould.  This,  as  already  pointed 
out,  may  be  overcome  by  a  loam  cake  let  in  the 
bottom  under  the  gate.  Top-gated  moulds  can  generally 
be  run  quickly  and  must  be  well  made. 

Side  gating  or  running  from  the  bottom  presents  the 
opposite  case.  The  metal  as  it  rises  is  cooled  by  continued 
contact  with  the  mould,  and  the  metal  at  the  top  which  is 
coming  into  contact  with  fresh  portions  of  the  mould  is 
cooler  and  less  mobile  than  that  below,  whose  temperature 
is  maintained  by  the  incoming  metal. 

The  tendency  to  float  up  waste  material  is  also  less. 
Speaking  generally,  moulds  gated  from  the  bottom  should 
be  poured  with  hotter  or  at  anyrate  more  fluid  metal, 
than  top-gated  moulds,  and  the  ingates  made  of  the 
largest  manageable  size. 

Bottom  and  side  gates  are  used  on  deep  castings, 
and  where  the  skin  appearance  of  the  casting  is  of  the 
greatest  importance. 

Sometimes  in  deep  moulds  both  top  and  bottom 
gating  is  employed.  Part  of  the  metal  is  run  in  below  to 
form  a  cushion  on  which  the  metal  from  the  top  falls. 

In  side  and  end  gating  the  position  of  the  gate  must  be 
so  arranged  that  the  metal  is  delivered  into  the  mould 
with  a  clear,  straightforward  run,  so  as  not  to  strike  the 
opposite  side  of  the  mould  or  any  projection.  The 
frequently  occurring  sponginess  and  dirt  in  the  casting  in 
the  vicinity  of  the  gate  is  made  worse  if  this  be  allowed. 
The  former,  from  causes  already  explained,  due  to  the  hot 
metal  striking  the  mould  side  ;  the  latter,  from  the  col- 
lection of  the  dirt  due  to  a  change  in  the  direction  of  the 
metal  current.  In  general  the  gate  should  be  placed 
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where  the  inetal  can  get  the  longest  run  and  the  least 
obstruction,  so  as  to  distribute  the  heat  more  uniformly 
in  the  mould. 

Deep  gates  for  bedded-in  moulds  are  better 
enclosed  in  small  flasks  properly  secured  together 
and  set  down  in  the  floor  beside  the  mould.  In  ramming 
up  the  boxes,  the  edges  of  the  lower  ones  are  separated 
by  pieces  of  iron  where  it  is  intended  to  take  off  the  runner. 
This  precaution  (using  flasks)  is  more  important  where 
the  gate  comes  near  the  side  of  a  widely  projecting  flange. 
It  prevents  the  possibility  of  the  sand  wall  between  the 
gate  and  the  mould  being  destroyed. 

The  advantages  of  dividing  up  the  gates  in  the  running 
of  very  heavy  castings  are  sometimes  most  marked.  The 
gates  may  all  be  joined  together  and  be  fed  by  metal 
from  a  single  or  from  two  pouring  basins.  In  that  case 
it  is  better  to  have  the  channel  connecting  them  together 
enclosed  and  covered.  The  sides  may  be  made  of  cakes 
of  dried  loam  in  the  form  of  tiles  of  the  same  width 
placed  along  or  round  each  side  of  the  channel,  covered 
with  similar  cakes  and  backed  by  sand. 

The  advantage  derived  is  the  diminished"  liability 
to  produce  cavities  in  the  casting.  When  the  whole 
of  the  metal  for  a  large  casting  enters  by  one  or  two 
openings,  that  part  of  the  mould  with  which  it  first  comes 
into  contact  is  heated  to  a  higher  temperature,  and  the 
heat  penetrates  deeper  in  that  part  than  those  remote 
from  the  gate,  with  the  result  that  during  solidification 
the  metal  in  that  portion  remains  longer  fluid  and 
provides  for  the  feeding  of  the  earlier  solidified  portions, 
so  that  the  metal  is  gradually  drained  away  and  a  cavity 
is  formed.  The  inside  of  these  cavities  is  commonly 
rough  and  covered  with  portions  of  crystals  in  which  the 
form  of  octahedra,  usually  skeleton  crystals,  can  be 
traced  by  a  practised  eye.  The  casting  of  heavy  (hollow) 
rollers  and  of  heavy  tool  beds  has  been  improved  in  this 
way.  The  former  was  a  case  of  top  gating  and  the  latter 
of  end  gating. 

Splashes. — In  top-gated  moulds  the  falling  metal  may 
cause  the  iron  to  splash  against  the  sides  of  the  mould. 
These  splashes  may  adhere  and  solidify  at  once. 
They  may  also  become  coated  with  a  film  of  black 
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oxide  of  iron  formed  by  the  air  in  the  mould.  When 
the  metal  rises  and  envelops  them  it  often  fails  to  melt 
and  absorb  them  perfectly  and  thus  causes  unsightly 
markings  on  the  casting. 


"\ 


FIG.  95.— SKIMMING  OR  CHAMBERED  GATES. 

Skimming  or  Chambered  Gates. — Where  it  is  necessary  for 
only  metal  of  the  cleanest  character  to  enter  a  mould 
special  forms  of  gate  are  employed.  The  impurities, 
dirt,  &c.,  to  be  excluded  are  lighter  than  the  metal,  and 
tend  to  rise  to  the  surface  and  creep  along  the  top  of  the 
runner.  By  placing  chambers  in  the  length  of  the  runner 
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opportunity  is  given  for  these  to  rise  into  the  cavity 
and  remain  there,  the  purer  metal  passing  out  towards 
the  mould  at  the  bottom.  This  is  shown  at  Fig.  95. 
Sometimes,  as  at  A,  the  gate  is  made  much  wider  than  is 
required  to  run  the  casting.  From  the  bottom  a  small 
channel  of  ordinary  size  leads  to  the  mould.  The  small - 
ness  of  this  channel  prevents  the  metal  rushing  straight 
forward  to  the  mould,  and  permits  the  light  matters  to 
separate  during  the  pouring  and  remain  in  the  gate, 
denser  and  purer  metal  passing  out  at  the  bottom. 

It  is  obvious  in  this  and  in  other  cases  mentioned 
below  that  the  supply  of  metal  from  the  ladle  shall  be  suffi- 
ciently rapid  to  prevent  the  metal  in  the  gate  or  pouring 
basin  passing  down  into  the  casting,  otherwise  the  accu- 
mulated dirt  will  be  drawn  in  also. 

In  some  cases  the  gate  is  made  as  at  B.  The  pouring 
gate  a  leads  by  a  channel  &  to  a  larger  chamber  d  from 
which  a  narrower  channel  c,  placed  at  a  lower  level,  leads 
to  the  mould.  This  construction  gives  better  opportunity 
for  the  impurities  to  collect  in  d.  The  contraction  of  c 
and  the  lower  level  it  occupies  retard  the  flow,  and  the 
presence  of  the  wall  of  the  chamber  opposite  b  breaks  the 
flow  and  helps  to  promote  the  separation  and  collection 
of  the  dirt.  If  the  channels  were  opposite  each  other 
little  benefit  would  be  obtained. 

Sometimes  the  development  of  centrifugal  force  by 
causing  the  metal  to  swirl  round  in  the  chamber  is  utilised 
to  separate  the  dirt,  &c.  C,  Fig.  95,  shows  a  gate  with  a 
skimming  chamber  formed  by  ramming  up  a  ball  in  the 
mould  as  shown.  One  half  of  the  ball  is  in  the  cope  and 
the  other  half  in  the  drag.  The  channel  b  enters  the 
chamber  tangentially  and  the  runner  c  leaves  it  almost 
radially,  as  shown  in  the  plan.  D  is  another  example. 
The  runner  should  be  placed  near  a  if  convenient,  so  that 
the  swirling  effect  on  the  metal  may  be  as  great  as  possible 
and  cause  it  to  travel  further  round  the  chamber  before 
leaving  it.  Gates  like  B  are  also  constructed  on  these 
lines.  The  shape  of  the  chamber  and  the  direction  in 
which  the  metal  enters  cause  it  to  swirl  round  and  revolve 
rapidly  in  the  gate.  The  centrifugal  force  throws  the 
denser  material  to  the  circumference,  while  the  lighter 
matters  are  crowded  to  the  centre  and  forced  upwards. 
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Moating  particles  in  a  teacup,  for  example,  collect  in  the 
centre  when  the  liquid  is  stirred. 

Horn  Gates  are  shown  in  Fig.  96.  They  are  used  in 
cases  where  the  castings  cannot  be  run  from  the  side,  as 
in  the  case  shown.  The  tapering  form  and  circular  sweep 
allow  of  their  removal  without  disturbance  of  the  sand.  A 
smart  tap  on  the  narrow  end  of  each  causes  it  to  start 
from  the  sand,  and  it  can  be  drawn  with  a  circular  move- 
ment. The  horns  are  set  after  the  drag  is  rammed,  the 
wider  end  resting  on  the  runner  and  the  narrow  end  on 
the  pattern. 


FKJ.  90.— HORN  GATHS. 


Fig.  97  is  another  example  of  the  use  of  horn  gates. 
It  is  a  mould  for  a  bevel  wheel  with  a  long  boss  and  a  pinion 
attached  at  the  other  end.  It  is  made  in  a  3-part  box. 
The  pattern  is  divided  at  /.  In  making  the  mould  it  is 
laid  on  a  bed  with  the  boss  upwards,  and  the  middle  part 
B  rammed,  the  gate  pin  g  being  included  in  it.  The 
pinion  is  put  on  when  the  ramming  is  up  to  that  point, 
the  box  finished,  and  the  joint  made.  The  horn  gate  d 
is  then  set  and  the  drag  C  is  rammed.  The  two  boxes  are 
turned  over  and  the  cope  A  made.  On  turning  back,  the 
drag  is  lifted  and  the  horn  and  pinion  removed.  Turning 
back  again,  the  bevel  wheel  and  boss  are  drawn,  and  on 
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closing  the  mould  the  horn  gate  provides  means  of  running 
from  the  bottom  without  risk  of  injury  to  the  teeth  of  the 
pinion. 

Runners. — The  area  of  these  should  be  less  than  that 
of  the  gate,  so  as  to  keep  back  the  metal  and  allow  the 
gate  to  be  readily  kept  full.  This  prevents  dirt  being 
drawn  down  into  the  casting,  and  applies  whether  one  or 
several  runners — sprues — be  employed.  In  the  latter 
case  the  total  area  should  be  less.  It  is  also  important 
to  remember  that  the  runner  feeding  a  series  of  sprues, 
whether  for  one  or  for  several  castings  joined  together, 
should  have  a  larger  capacity  than  the  sprues  themselves. 


FIG.  97.— EXAMPLE  SHOWING  USE  OF  HORN  GATES. 

A  gradual  diminution  should  obtain.  The  gate  should 
be  bigger  than  the  feeder  and  the  feeder  than  the  sprues. 
Sprues  and  feeders  should  be  made  in  the  drag.  If  a 
chambered  gate  is  employed  that  from  the  pouring  gate 
to  the  chamber  may  be  in  cope  or  drag. 

In  forming  runners  the  passage  from  the  pouring  gate 
to  the  mould  cannot  always  be  made  on  the  joint  face, 
and  hence  cannot  be  cut  with  a  gate  knife  or  moulded 
with  the  patterns.  In  such  cases  runner  sticks  b,  Fig.  98, 
are  used  to  connect  the  gate  with  the  mould. 

These  may  be  set  to  draw  inwards  or  outwards.  The 
former  case  is  shown  in  6.  When  drawn  outwards  it  is 
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necessary  to  dig  away  the  back  sand  to  remove  it,  and 
then  re-insert  the  gate  pin  and  make  good  the  damage. 
This  method  is  probably  the  better  but  more  difficult. 

Runners  should  not  be  placed  near  parts  that  are  to 
be  machined  on  account  of  sponginess  and  of  the  dirt 
that  collects  near  them. 

Pouring  Basins  are  the  cavities  into  which  the  iron  is 
poured  from  the  ladle,  and  from  which  the  ingates  pass 
to  the  mould.  A  simple  form  is  shown  at  A,  Fig.  95. 
Too  little  attention  is  commonly  given  to  the 
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making  of  pouring  basins,  but  as  they  have  to  receive 
the  whole  of  the  metal  from  the  ladles  and  withstand  the 
wash,  it  is  clear  that  care  is  necessary.  The  ladle  is 
adjusted  so  that  the  metal  falls  when  pouring  into  the 
hollow  of  the  basin  and  flows  over  the  ridge  into  the 
gate.  This  allows  the  ladle  to  be  adjusted  without  risk 
of  the  splashing  metal  falling  into  the  mould  before  all  is 
ready.  A  stopper  or  cover  is  used  to  close  the  ingate 
till  the  basin  has  been  filled,  and  when  this  is  drawn  the 
flow  of  metal  from  the  ladle  must  be  sufficiently  rapid 
to  keep  the  basin  full,  and  thus  keep  up  the  dirt. 
Pouring  basins  may  have  two  or  more  ingates  leading  to 
the  mould. 
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Sometimes  a  small  channel  is  cut  from  the  basin 
under  the  stopper  to  allow  some  metal  to  enter  the  mould 
before  the  stopper  is  withdrawn  to  form  a  cushion  for 
the  metal  when  admitted  in  bulk. 

Kiscrs  and  Feed  Gate. — No  matter  how  much  care  is 
taken  in  making  a  mould,  or  how  much  thought 
is  devoted  to  the  selection  of  suitable  places  for 
gates,  it  is  highly  probable  that  some  dirt  will 
be  carried  into  the  mould  (a)  through  faulty  skim- 
ming, (6)  cut  up  from  the  pouring  basin  and  detached 
from  the  runners,  or  (c)  patches  of  blacking  and  pieces 
of  the  mould  may  be  detached  in  the  filling  of  the  mould. 
That  carried  in  with  the  metal  often  collects  just  where 
the  runner  enters,  especially  if  there  is  a  change  in  the 
direction  of  flow  or  the  metal  meets  an  obstruction, 
and  it  thus  produces  a  dirty  place  in  the  casting.  That 
detached  from  the  mould,  being  lighter  than  the  metal, 
will  tend  to  float  up  to  the  top  and  lodge  at  the  first 
point  where  it  can  resist  the  flow  of  the  metal.  One  very 
serious  objection  to  the  presence  of  this  material  is  that 
gases  that  may  be  liberated  from  the  metal  or  that  may 
be  bubbling  up  through  it  attach  themselves  to  the  first 
solid  material  with  which  they  come  into  contact,  and  it 
is  not  easy  to  dislodge  the  bubbles.  Other  bubbles  seem 
to  attach  themselves,  especially  in  viscous  fluids,  and 
thus  the  solid  matter  may  become  a  centre  of  sponginess 
or  the  cause  of  a  blowhole  being  formed  at  that  point. 
This  principle  applies  generally  with  regard  to  gases 
liberated  from  or  passing  in  bubbles  through  fluids,  and 
applies  equally  to  the  retention  of  bubbles  on  the  skin 
of  iron  that  first  forms  in  contact  with  the  cold  surface 
of  the  mould.  The  rougher  the  surface,  and  the  more 
readily  the  gases  become  attached,  and  as  the  tendency 
of  iron  to  crystallise  has  already  been  noticed,  the 
solidified  surface  of  the  metal  on  the  interior  is  specially 
subject  to  be  affected  in  this  wray.  How  often  sponginess 
and  blowholes  are  cut  into  in  the  machining  of  castings, 
either  just  under  the  skin  or  a  little  deeper,  the  waste- 
heap  of  a  foundry  in  connection  with  an  engineering 
shop  shows  only  too  well.  It  is  the  practice  in  engineering 
shops  to  machine  those  parts  likely  to  be  defective  first, 
in  order  that  the  castings  may  be  rejected  should  they 
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prove  unsatisfactory.  Cylinders  for  high  pressures  are 
bored  and  the  flanges  faced  to  subject  them  to  hydraulic 
tests.  Beds  of  machine  tools  are  planed  on  the  under  side 
of  the  Vs.  (The  beds  being  cast  with  the  upper  surface 
of  the  V's  downwards.)  The  tendency  of  the  gases  to 
thus  attach  themselves  is  shown  in  the  case  of  ingots. 

Fig.  99  shows  how  the  bubbles  of  gas  arrange  themselves 
in  the  section  of  an  ingot.  They  follow  the  radiating 
crystalline  structure  of  the  metal  and  are  met  with  from 
nearly  the  bottom  of  the  ingot  upwards.  There  are  less 
at  the  bottom  because  that  part  kept  hot  longest  and  the 
fluid  metal  allowed  them  to  rise. 

From  a  consideration  of  the  above  facts  it  will  be  seen 
that  in  order  to  minimise  or  overcome  these  difficulties 
certain  conditions  must  be  fulfilled  apart  from  the  venting 


FIG.  99.— SKETCH  SHOWING  HOW  BUBBLES  OF  GAS  ARRANGE  THEMSELVES 
IN  SECTION  OF  AN  INGOT. 

of  the  mould.  Such  vents  are  only  provided  for  the 
removal  of  the  gases  generated  by  the  action  of  the  hot 
metal  on  the  mould.  Any  gas  or  air  present  in  the 
cavity  of  the  mould  or  carried  in  by  the  metal,  as  well  as 
any  gas  bubbling  up  through  the  metal  instead  of  passing 
off  by  its  proper  vents,  and  also  any  liberated  from  the 
iron,  must  find  an  exit  elsewhere.  In  small  moulds  the 
cope  vents  are  relied  on  for  this  purpose,  and  where  they 
prove  unequal  to  it  the  bubbles  of  gas  unable  to  escape 
are  flattened  against  the  sand  and  appear  as  pits  often 
more  or  less  circular.  This  is  not  always  altogether  an 
evil.  The  air  enclosed  in  small  moulds  with  a  large 
surface  forms  more  or  less  a  cushion,  and  retards  the  too 
rapid  filling  of  the  cavity  and  diminishes  the  consequent 
heavy  strain  on  the  mould  due  to  the  momentum  of  the 
falling  metal  as  well  as  the  static  fluid  pressure  of  the 
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liquid  metal  in  the  gate.  (See  Weighting  and  Holding- 
down  Copes.)  It  is  often  asserted,  and  with  some  reason, 
that  keeping  the  mould  closed  while  pouring  will  keep  up 
the  copes.  This  point  has  already  been  dealt  with. 

Head  Metal. — In  many  cases,  however,  no  such  con- 
siderations arise,  and  the  problem  is  to  get  the  casting 
clean  and  sound.  If  the  gas  bubbles  and  dirt  could  be 
induced  to  rise  to  the  top,  and  the  form  of  the  casting 
would  allow  it  to  be  done,  an  extra  depth  might  be  cast 
on  and  cut  off  before  the  casting  was  machined.  If 
made  long  enough  all  the  dirt,  &c.,  would  be  removed  in 
this,  and  a  sound  casting  remain. 

Head  metal  is  commonly  cast  on  when  the  castings 
are  cast  on  end,  e.g.,  rolls,  and  in  other  cases,  e.g.,  steam 
and  hydraulic  cylinders  and  wheel  rims,  and  is  a  practical 
necessity  in  making  many  steel  castings.  In  extreme 
cases  the  head  metal  may  total  two-thirds  to  three- 
quarters  the  weight  of  the  casting  proper.  This  head 
metal  serves  also  to  feed  the  casting. 

Risers  and  Flow-off  Gates. — In  cases  where  head  metal 
is  not  possible,  or  where  it  would  not  serve  the  purpose 
owing  to  obstructing  projections,  cores,  &c.,  preventing 
the  dirt  and  gases  from  rising,  risers  are  used. 

Fig.  100  shows  the  method  of  disposing  them. 
Risers  are  put  at  R.  They  are  generally  only  circular 
openings  leading  down  through  the  cope  to  the  top  of  the 
casting  into  which  the  metal  rises  when  the  mould  is  filled. 
d,  Fig.  95,  is  the  riser  for  the  skimming  chamber.  Risers  are 
put  on  the  parts  required  to  be  especially  clean,  and 
which  cannot  be  cast  down  wards,  either  from  difficulty 
of  moulding  or  because  both  sides  of  the  casting 
must  be  clean  as  in  the  example  given.  In  placing  risers 
consideration  must  be  given  to  (a)  the  position  of  the 
part  wanted  clean  (if  possible  it  maybe  placed  directly 
over  it),  (b)  When  the  surface  required  clean  is  extensive 
several  may  be  used  suitably  distributed.  In  long 
moulds  and,  in  fact,  in  all  cases  where  the  metal  has  a 
definite  direction  of  flow  for  any  distance,  the  riser  should 
be  placed  in  the  track  of  the  metal  current.  Any  bubbles 
of  gas  and  particles  of  solid  matter  dragging  along  the  top 
would  be  carried  forward  by  the  metal  and  floated  up 
into  the  rising  gate.  A  riser  placed  near  the  gate  is 
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often  more  effective  than  one  some  distance  away.  Out 
of  the  track  of  the  metal  risers  exert  a  very  restricted 
local  influence,  unless  the  upper  surface  of  the  mould 
inclines  upwards  and  facilitates  the  movement  of  the 
particles.  In  some  cases  risers  are  worse  than  useless. 
This  is  more  particularly  the  case  when  the  body  of  metal 
they  contain  retains  the  heat  too  long.  If  the  metal  in 
the  casting  is  comparatively  of  a  very  fusible  character 
and  the  body  of  metal  in  that  part  of  the  casting  on  which 
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FIG.  100. — SKETCH  SHOWING  METHOD   OF  DISPOSING  RISERS. 

the  riser  is  placed  is  considerable,  its  action  will  be  to 
augment  and  retain  the  heat  at  the  upper  part  of  the 
casting,  so  as  to  retard  its  solidification.  It  will,  however, 
owing  to  its  inferior  bulk,  and  consequent  greater  cooling 
action  of  the  mould,  solidify  before  the  casting.  As  a 
result  the  fluid  upper  portion  of  the  mass  will  supply 
metal  to  the  lower  solidifying  portion  as  it  contracts,  and 
owing  to  the  draining  away  of  the  metal  will  itself  be 
left  porous  on  solidifying,  while  the  tendency  to  draw 
will  naturally  be  increased.  With  metal  that  solidifies 
more  quickly  or  that  is  cast  at  a  lower  temperature  the 
difficulty  will  be  less,  and  the  replacement  of  the  riser  by 
head  metal  would  insure  soundness,  but  the  increased 
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tendency  to  draw  would  have  to  be  considered  on  the 
merits  of  the  case.  Risers  furnish  an  indication  of  when 
the  mould  is  filled  and  when  to  cease  pouring. 

It  is  often  stated  that  risers  relieve  the  cope  of  pressure 
and  prevent  straining.  This  is  only  true  so  far  as  the 
momentum  of  the  metal  flowing  in  through  the  runners 
or  gates  is  concerned,  and  is  greatest  with  a  large  fall 
to  the  top  of  the  casting  and  runners  large  in  proportion 
to  the  cavity  of  the  mould,  and  which  consequently 
allow  of  the  rapid  flow  of  the  current  of  metal.  As 
already  pointed  out,  the  air  may  act  as  a  cushion  till  just  at 
the  moment  when  the  mould  fills,  and  then  in  the  absence 
of  risers  or  other  openings  it  receives  a  shock  like  a  hammer 
blow,  the  force  of  which  depends  on  the  mass  of  metal 
flowing  througlTthe  gate  in  a  given  time  and  the  rapidity 
of  its  movement.  *  It  is  this  shock  -  (at^the  moment  of 


FIG.  101. — FLOW-OFF  GATE. 

filling),  often  so  fatal  to  the  stability  of  a  mould  and 
that  lifts  and  strains  the  cope,  which  risers  prevent. 
It  is  worst  where  the  metal  falls  directly  into  the  mould. 
The  advice  previously  given  with  regard  to  the  closing 
or  keeping  open  of  risers  when  pouring  will  perhaps 
be  now  better  understood. 

Flow-off  gates  are  intended  to  extend  the  functions  of 
risers  and  to  allow  a  certain  amount  of  metal  to  flow 
through  the  mould.  Fig.  101  shows  what  is  meant. 
The  metal  passing  out  of  the  mould  falls  into  A.  The 
object  is  to  sweep  forward  and  remove  gas  and  dirt  from 
the  mould  by  the  moving  stream  of  metal  more  efficiently. 

They  are  usually  employed  on  castings  presenting 
large  cope  surfaces,  and  are  kept  closed  by  plugs  till  the 
moment  when  the  mould  is  just  at  the  point  of  being 
filled. 

Oi 
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Feeding  Gates  and  Heads — These  are  intended  to  supply 
fluid  metal  to  the  casting,  as  contraction  of  the  metal 
takes  place  in  falling  from  the  temperature  of  pouring 
to  the  solidifying  point  of  the  metal.  They  also  supply 
metal  to  make  up  for  the  contraction  (if  any)  that  takes 
place  in  passing  from  the  liquid  to  the  solid  state.  It 
is  clear  that  they  will  be  most  useful  in  those  parts  where 
the  mass  is  greatest  and  the  total  contraction  is  large, 
where  the  metal  used  has  a  marked  tendency  to  contract 
much,  and  when  the  pouring  temperature  in  such  and 
other  cases  is  high.  Unless  metal  is  supplied  from  some 
source  the  castings  will  be  spongy,  drawn,  or  twisted, 
or  internal  stresses  of  an  unknown  amount  be  set  up, 
seriously  impairing  the  reliability  of  the  casting.  As 
already  noted,  head  metal  acts  as  a  feeder  if  sufficient  be 
cast  on,  the  fluid  metal  naturally  falling  and  making  up 
for  the  contraction. 

Feeding  gates  and  heads  are  used  alone  and  in  con- 
junction with  head  metal.  The  passage  of  the  metal 
into  the  mould  is  assisted  by  "  pumping  "  with  a  feeding 
rod.  The  feed  gate  is  a  vertical  passage  to  the 
mould  with  a  basin-shaped  cavity  at  the  top. 
When  the  running  gate  drops  straight  down  into  the 
mould  it  is  often  used  for  this  purpose,  and  is  best  if  clean 
metal  has  been  used.  Naturally  the  feeder  is  placed  over 
the  heavy  part  of  the  casting  requiring  such  attention. 
The  feeding  is  done  by  an  iron  rod  Jin.  to  fin.  diam., 
heated  by  putting  it  in  the  metal  in  the  ladle.  As  soon  as 
the  mould  is  filled  the  rod  is  put  into  the  molten  metal 
in  the  head,  and  moved  up  and  down  in  a  regular  manner. 
Care  must  be  taken  to  avoid  touching  the  sides  of  the 
passage  and  also  getting  so  low  down  as  to  touch  the 
mould.  The  movement  of  the  rod  keeps  a  passage  open 
into  the  middle  of  the  heavy  mass,  and  thus  permits 
metal  from  the  basin  and  feeder  head  to  pass  down  and 
keep  the  mould  cavity  filled.  The  metal  introduced 
compensates  the  contraction  taking  place.  The  feeding 
is  continued  till  the  iron  clings  to  the  rod.  A  sharp 
blow  or  two  with  a  hammer  on  the  top  of  the  feeding 
rod  detaches  the  metal,  and  the  pumping  is  continued  till 
the  metal  in  the  mould  becomes  too  stiff.  If  continued 
beyond  this  point  more  harm  than  good  will  be  done, 
as  the  rod  displaces  the  pasty  particles  and  destroys  the 
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structure,  making  the  casting  spongy  and  weak  at  that 
place.  The  rod  should  be  gradually  raised  as  solidification 
goes  on  to  prevent  this  disturbance.  When  any  long  feeding 
is  anticipated  the  heads  must  be  of  ample  size  and  fresh 
hottest  metal  added  as  the  contraction  absorbs  that  in 
the  head.  This  added  metal  helps  to  keep  the  passage 
open  longer,  and  thus  assists  the  feeding.  The  movement 
of  the  rod  should  not  be  excessive,  as  the  greater  motion 
causes  more  rapid  cooling  of  the  metal  in  the  basin  by 
exposure  of  the  heated  portion  of  the  rod.  As  the  keeping 
open  of  the  passage  depends  on  the  supply  of  heat  from 
the  metal  passing  down  to  the  mould,  it  is  clear  that  no 
more  feed  gates  than  necessary  should  be  made.  If  one 
gate  will  feed  a  casting  it  would  be  folly  to  put 
in  two,  as  if  the  same  amount  of  metal  is  taken  in 
a  given  time,  it  would  pass  twice  as  quickly  down 
one,  and  would  expose  only  half  the  cooling  surface, 
so  that  approximately  it  will  remain  open  four  times  as 
long  as  if  two  gates  were  used,  and  will  consequently 
feed  the  casting  better.  If  the  feed  gate  sets  before  the 
shrinkage  is  complete  the  casting  Avill  probably  be  unsound 
just  under  the  gate,  due  to  that  part  being  kept  hottest. 
This  happens  usually  when  more  than  one  feed  gate 
is  used.  Top  running  gates  if  clean  make  good  feeding 
heads.  The  metal  flowing  into  the  mould  heats  up 
the  sand  of  the  gate  and  reduces  the  rate  of  cooling. 
The  danger  is  the  possibility  of  dirt  being  fed  down 
into  the  casting. 

In  all  cases  feed  gates,  if  they  are  to  serve  their 
purpose,  must  not  solidify  till  the  shrinkage  of 
the  casting  due  to  cooling  before  and  at  the  point 
of  solidification  (if  any)  is  complete.  In  practice  this 
is  not  always  possible,  and  probably  the  feeding  goes  on 
till  the  solidification  is  so  far  completed  that  the  solid 
part  resists  the  shrinking  action,  at  anyrate  so  far  as  is 
apparent,  and  any  cavities  formed  are  deep-seated. 
Sometimes  on  deep-seated  heavy  parts  it  is  impossible 
to  feed  with  any  degree  of  satisfaction  owing  to  the  depth. 
A  device  sometimes  adopted  in  this  case  is  to  put  on  a 
blind  feed  gate,  i.e.,  one  not  reaching  to  the  surface. 
If  this  be  done  it  must  be  seen  that  the  form  is  such  that 
as  contraction  occurs  it  does  not  increase  the  difficulty 
it  is  intended  to  remedy. 


CHAPTER  X. 

MOULDING  OPERATIONS. — (Continued). 

Mending  Up. — Few  moulds,  except  those  made  by 
machines  or  from  plates,  and  from  exceptionally  good 
patterns  which  have  been  perfected  regardless  of  cost  for 
standardising  purposes,  are  fit  for  the  reception  of  the 
metal  when  the  pattern  is  withdrawn.  The  faults  arise 
from  various  causes.  Most  commonly  some  part  of 
the  mould  is  broken  away,  due  either  to  the  pattern  being 
made  without  sufficient  taper,  having  a  rough  surface,  or 
some  projecting  piece  due  to  bad  workmanship.  Some- 
times parts  that  undercut  and  should  have  been  left  loose 
have  been  made  fast,  or  the  pattern  may  have  twisted 
owing  to  faulty  construction,  such  as  the  making  of  the 
pattern  from  one  piece  instead  of  building  it  up  of 
several  pieces  of  wood  with  the  grain  running  in  various 
directions. 

Bad  ramming  or  the  difficulty  of  using  the  rammer, 
and  the  neglect  to  properly  support  overhanging  and 
projecting  parts  by  rods,  gaggers,  &c.,  may  render  the  part 
too  weak  to  enable  the  sand  to  be  lifted  away  or  the 
pattern  withdrawn,  and  a  bad  lift  is  the  result.  Sand  that 
is  too  moist  in  contact  with  the  surface  of  an  absorbent 
pattern,  and  insufficient  rapping  may  cause  parts  to  be 
pulled  away.  Rapping  too  vigorously  before  with- 
drawing the  pattern  may  break  down  weak  parts  of  the 
mould  and  leave  them  loose,  to  be  washed  away  by  the 
metal  or  to  fall  when  the  pattern  is  lifted.  Jerking  and 
allowing  the  pattern  to  twist  while  lifting  owing  to  bad 
balancing  or  steadying  are  also  frequent  causes  of  damage 
to  the  mould.  All  the  parts  broken  away  must  be  made 
good.  In  addition,  parts  of  the  mould  that  are  found  on 
examination  to  be  too  hard  must  be  removed  and  re- 
made. In  any  case  the  probability  of  altering  the  exact 
shape  and  thickness  of  the  casting  is  great,  and  the  best 
results  are  obtained  when  least  mending  is  required. 

To  avoid  breaking  down  the  edges  of  the  mould  at 
the  joint  face  the  swab  is  run  round  the  edge  of  the  sand 
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next  the  pattern  before  rapping.  In  small  moulds  the 
pattern  is  loosened  by  driving  a  spike  into  the  hole 
or  rapping  plate  let  into  the  pattern  for  the  purpose,  and 
sharply  struck  on  all  sides,  and  also  downwards.  The 
sand  is  thus  started  from  the  surface  of  the  pattern,  and 
then  the  pattern  steadily  lifted  ;  or  the  spike  or  spikes 
or  screws  may  be  screwed  in  for  that  purpose.  If  necessary 
the  surface  is  rapped  continually  while  being  lifted, 
care  being  taken  not  to  make  it  swing,  but  merely  to  keep 
it  vibrating  during  the  slow,  steady,  upward  movement. 

When  the  pattern  is  clear,  a  careful  examination  of 
the  mould  is  made.  If  the  damage  be  slight  the  broken 
parts  are  made  good.  As  far  as  possible  it  is  best  to 
patch  by  hand  in  preference  to  using  the  trowel.  The 
latter  tool  sleeks  the  surface  and  closes  the  pores,  and 
often  makes  that  part  closer  than  the  rammed  part  of  the 
mould.  When  applying  fresh  sand  and  generally  in 
mending,  the  too  free  use  of  the  swab  and  moisture  must 
be  guarded  against  in  green  sand  moulds.  As  already 
pointed  out,  excessive  moisture  is  a  severe  tax  on  the 
venting,  and  a  wet  place  by  chilling  the  metal  forms  an 
immediate  solid  skin  of  metal  to  which  any  gas  bubbling 
into  or  rising  through  the  metal  attaches  itself  as 
previously  shown.  Many  times  the  difficulty  of  getting 
castings  sound  in  the  neighbourhood  of  projecting  parts 
is  due  to  careless  and  excessive  use  of  the  swab  in  the 
attempt  to  get  the  corners  of  the  mould  to  stand  up. 
The  judicious  use  of  sprigs  will  often  overcome  the  diffi- 
culty and  make  the  part  safe.  Another  common  result 
of  using  too  much  water  is  a  scabbed  rough  casting. 

It  may  be  best  if  the  edges  have  suffered  badly  to 
lower  the  pattern  and  make  the  repairs  with  the  pattern 
in  place,  using  sprigs  for  support,  and  trowelling  well  to 
get  the  sand  to  cohere.  The  use  of  the  trowel  in  this 
place  is  not  objectionable,  as  the  metal  does  not  come 
into  contact  with  the  sleeked  surface.  For  other  parts 
it  is  often  possible  to  detach  portions  of  the  pattern  for 
the  purpose,  thus  enabling  the  broken  part  to  be  recon- 
structed in  contact  with  the  pattern.  In  other  cases 
mending-up  pieces  are  provided  cut  to  the  shape  of  the  sec- 
tion, and  may  be  used  as  templates  in  securing  the  accurate 
form  or  even  used  as  strickles.  Parts  of  the  face  that  are 
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too  hard  may  be  dug  out  and  replaced.  In  that  case, 
the  new  sand  must  be  firmly  secured  to  the  main  body. 
Thin  edges  should  be  avoided,  and  the  addition  properly 
consolidated,  and  if  need  be  sprigged.  A  wooden  trowel 
for  flat  surfaces  or  the  edge  of  a  board  on  concave  surfaces 
should  be  used,  the  surface  produced  being  more  suitable 
for  the  metal  to  lie  on  quietly.  Specially  weak  parts 
may  be  originally  made  in  stronger  sand,  or  it  may  be 
used  to  mend  up  with.  The  proper  venting  of  mended 
portions  must  not  be  overlooked,  and  all  loose  sand  blown 
and  lifted  from  the  mould.  An  examination  of  the 
mould  for  cracks  should  be  made,  and  if  found  sprigs 
must  be  used  to  strengthen  it.  They  should  be  pushed 
below  the  surface,  and  the  holes  made  good.  Much  of 
the  time  lost  in  mending  may  be  saved  by  care  exercised 
in  making  the  pattern  and  moulds,  and  in  the  withdrawal 
of  the  former  from  the  sand. 

Blackening. — The  mould  having  been  completed,  so  far 
as  the  external  shape  is  concerned,  it  remains  to  blacken  or 
otherwise  face  the  mould,  set  the  cores,  if  any,  and  close 
and  secure  the  mould  for  casting.  The  blacking  has 
already  been  dealt  with,  but  the  use  of  a  dusting  of  dry 
blacking  on  the  top  of  the  wet  for  sleeking  purposes 
and  the  fixation  by  gum  may  be  again  called  atten- 
tion to.  Spraying  on  a  gum  solution  with  a 
flower  or  other  sprayer,  or  wetting  the  surface  with 
a  thin  solution  of  gum,  especially  with  skin  or  com- 
plete drying,  is  a  most  satisfactory  method  of  insuring 
the  blacking  against  peeling  off  and  producing  scabs.  It 
produces  an  excellent  skin  on  the  casting. 

Cores. — The  fixing  of  the  cores  will  be  dealt  with 
under  core  making. 

The  static  pressure  tending  to  lift  the  cope,  exerted 
by  the  fluid  metal  with  which  a  mould  is  filled 
is  readily  ascertained.  Like  all  other  fluid  pres- 
sure it  is  proportional  to  the  height  and  density 
of  the  fluid  and  is  exerted  equally  in  all  directions, 
so  that  it  is  expressed  in  pounds  per  square  inch.  The 
pressure  (p)  on  a  cope  is  due  to  the  head  (h)  of  the  column 
of  metal  in  the  pouring  gate  measured  from  the  top  of 
the  pouring  basin  to  the  surface  of  the  casting,  and  per 
square  inch  will  be  Ji  xw  =p,  where  w  is  the  weight 
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of  a  cubic  inch  of  iron.  It  is  equal  to  that  of  a 
column  of  iron  of  that  height  and  1  sq.  in.  section, 
1  cub.  in.  of  iron  =  0-2611b.  A  column  12in.  long 
and  1  sq.  in.  in  section  would  weigh  and  exert 
a  pressure  of  12  xO-261  =  3-132lbs.  If  the  surface  of 
the  mould  were  3  sq.  ft.  then  the  total  pressure  exerted 
by  a  12in.  head  would  be 

3-132  x(3  x!44)  =1,353  -02lbs. 
=  0-261  x(3  x!44)  x!2, 
or  a  little  over  12  cwts. 

With  bottom  runners  only  the  distance  from  the  top 
surface  of  the  casting  to  the  surface  of  the  metal 
in  the  pouring  basin  must  be  counted,  as  the 
metal  in  the  mould  when  full  balances  that  in  the 
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FIG.  102. 


gate.  It  is  for  this  reason  that  with  bottom  gating  a 
mould  takes  the  metal  so  much  more  quickly  at  the 
commencement  of  the  pouring.  As  it  fills,  the  head  of 
metal  in  the  gate  is  reduced,  and  the  metal  flows  more 
slowly. 

Weighting  and  Holding  Down. — In  moulds  made 
altogether  in  flasks  the  boxes  must  be  prevented  from 
separating  while  being  poured,  and  cottars,  wedges,  and 
clamps  of  various  forms  are  employed.  Several  were 
alluded  to  when  dealing  with  flasks.  Weights  are  also 
employed. 

In  moulds  made  in  the  floor,  the  copes  must  be  pre- 
vented from  lifting  and  straining,  or  the  casting  will  be 
thicker  than  intended.  This  increased  thickness  may  be 
produced  over  the  whole  area,  or  if  the  lifting  only  occurs 
at  one  side  or  corner  it  may  not  be  general. 
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Fig.  102  shows  a  method  of  clamping.  It  may  also  be 
used  for  a  number  of  boxes  in  repetition  work,  where  the 
boxes  are  all  of  equal  thickness,  and  where  no  gaggers  or 
other  projections  protrude  through  the  cope. 

The  bottom  bar  A  lies  under  the  flasks,  which  are 
placed  on  it  when  put  down.  The  ends  have  recesses  in 
which  lies  a  link  B,  which  can  be  turned  down  level  with 
the  floor,  or  raised  into  position  as  shown.  When  lifted 
its  upper  end  passes  over  the  top  of  C,  and  by  driving  a 
wedge  between  the  top  of  the  link  and  the  end  of  C  it  is 
tightened  up.  If  the  bars  are  long,  and  used  for  several 
boxes,  straining  may  be  prevented  by  using  binders  put  on 
both  sides  as  shown. 
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FIG.  103. 


Flasks  are  sometimes  placed  on  each  other  so  that  the 
weight  of  those  above  shall  serve  to  hold  down  those 
below.  The  pouring  gate  of  course  projects  beyond  the 
side  to  allow  the  moulds  to  be  filled.  The  top  box 
requires  weighting. 

In  all  considerations  of  holding  down  it  must  be  remem- 
bered that  if  weights  are  employed  for  the  purpose  they 
have  to  be  handled  at  least  twice  and  often  three  times 
in  putting  on  and  taking  off,  and  whether  crane  or 
labourer  be  employed  it  adds  to  the  cost  of  running  the 
foundry,  besides  which  the  weights  are  often  in  the  way. 

Disposition  of  Weights.  —  Mistakes  in  applying  insuffi- 
cient weight  to  hold  down  a  cope  are  frequent.  Many 
remarks  are  made  about  the  futility  of  calculating  the 
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weight  required  for  the  purpose.  The  reason  is  that 
not  only  must  the  total  upward  pressure  exerted  by  the 
fluid  metal  be  ascertained  and  allowed  for,  but  also  the 
momentum  of  the  metal  entering  the  mould,  and  the 
disposition  of  the  pressure. 

Take  the  case  presented  in  Fig.  103,  a  flat 
triangular  surface  disposed  as  shown.  The  total  force 
acting  on  the  surface  on  the  side  of  A  B  towards  D  is 
three  times  that  acting  on  the  side  of  A  B  towards  C,  so 
that  there  will  be  a  greater  tendency  for  D  to  rise  than 
for  C,  and  the  weights  must  be  disposed  accordingly. 
So  in  all  cases  where  there  is  a  great  difference  in  the 
surface  more  weight  will,  as  a  rule,  be  required  over  the 


n 


FIG.  104. 

part  where  the  surface  is  greater,  especially  if  it  is 
towards  the  sides  or  ends  of  the  box.  In  devising 
methods  of  holding  down  note  must  be  taken  of  this. 

Weights. — Pig  iron,  specially  cast  weights  with  a 
flat  bearing  surface  and  long  enough  to  stretch  from 
side  to  side  of  the  box,  and  weights  of  other  kinds  are 
used.  Great  difficulty  in  placing  them  to  avoid  the 
lifters  is  sometimes  experienced. 

Devices  for  Holding  Down  Copes. — In  foundries  where 
much  of  the  work  has  large  surfaces,  methods  of  securing 
the  cope  to  bars,  grids,  or  other  appliance  buried  in  the 
floor  sand  are  employed.  A,  Fig.  104,  shows  a  grid  for  this 
purpose.  The  bars  of  the  grid  are  2Jin.  square.  It  is 
buried  in  the  floor  under  the  castings  at  a  suitable  depth. 


218 


MOULDING    OPERATIONS. 


Any  cinder  bed^  necessary  is  made  above  it.  Pillars 
B,  Fig.  104,  are  cast  with  bottoms  as  shown.  They  fit  on  the 
bars  of  the  grid  and  are  secured  by  wedges.  The  top 
with  the  loop  comes  up  nearly  to  the  sand  surface  of  the 
floor  to  allow  of  the  hooks  of  the  fasteners  being  attached. 
The  form  permits  of  the  placing  of  the  pillars  so  as  to 
suit  any  size  of  mould  within  the  range  of  the  grid.  Grids 
are  made  of  various  sizes  up  to  12ft.  square. 

Fig.  105  shows  another  plan.  Binders  long  enough 
to  pass  from  one  side  of  the  casting  to  the  other  and 
project  beyond  the  cope  are  cast  with  wrought-iron  eyes 
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FIG.  105. 

in  the  end  as  shown.  These  are  carefully  bedded  in 
the  floor  under  the  casting  at  a  suitable  depth  and  distance 
apart,  so  as  to  form  a  level  floor,  and  well  rammed  in. 
Thick  timbers  or  iron  rails  are  laid  on  the  top 
of  the  horizontal  binders,  so  as  to  tie  them 
together.  The  binders  are  from  3ft.  to  4ft.  apart. 
Other  binders  with  similar  eyes  and  of  such  length  that 
their  eyes  only  come  up  level  with  the  floor  are  also 
made.  These  are  placed  as  shown,  the  eye  of  the 
horizontal  one  passing  through  that  of  the  upright  one. 
A  pin  or  hook  prevents  it  from  slipping  off. 

In  Fig.  106  another  method  is  shown.      The  bottom 
binders  are  of  the  form  shown.     Wrought-iron  eye  bolts 
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of  suitable  length  are  bolted  in  the  ends,  and  are  brought 
up  to  the  surface,  the  binders  being  covered  with  rails  or 
bars  as  before. 

Top  binders  of  various  forms  are  employed.  Fig. 
106  shows  a  convenient  form.  The  ends  are  cast  with 
slots,  and  the  shanks  of  the  hooks  that  pass  into  the  eyes 
of  the  posts  or  bolts,  slip  between  the  sides,  and  allow  of 
the  nut  being  screwed  up  tightly. 

Often  the  end  of  the  top  binders  is  plain,  and  the  con- 
nection is  made  by  a  link  and  hook.  The  hook  is  attached 
to  the  eye  bolt,  the  link  slipped  over  the  end,  and  secured 
by  wedges. 

Moulds  fastened  in  this  way  are  more  secure  than 
when  weights  are  employed. 


FIG.  106. 


Teeming. — Assuming  that  the  metal  is  already  col- 
lected in  the  ladles,  the  more  important  points 
needing  attention  are :  (a)  The  skimming  of  the 
metal ;  (b)  the  coating  and  heating  of  stoppers  for  the 
down  gates,  if  not  already  attended  to  ;  (c)  the  provision 
of  feeding  rods  of  proper  length  and  thickness  ;  (d)  an 
examination  of  risers  and  vent  pipes  to  see  that  they  are 
stopped  or  clear  as  required,  and  a  glance  at  the  fastenings 
of  the  mould. 

Skimming  requires  to  be  done  carefully  and  completely. 
Dirty  iron  will  not  make  good  castings.  All  material 
used  for  covering  while  collecting,  or  thrown  up  by  the 
standing  metal,  and  any  other  dirt,  must  be  skimmed 
off,  leaving  as  little  as  possible  to  keep  back  while  the 
metal  is  running.  The  ladle  should  be  got  into  position 
before  teeming  is  commenced,  so  that  it  can  be  emptied 
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without  the  caster  moving  from  his  place,  the  tilting  of 
the  ladle  being  all  that  is  necessary.  Having  commenced 
to  pour,  a  steady  stream  of  metal  (free  from  jerks)  must 
be  maintained,  the  plug  being  removed  as  soon  as  the 
pouring  basin  is  full,  and  not  before.  Any  iron  entering 
the  mould  in  driblets  is  apt  to  become  chilled,  and,  not 
being  properly  taken  up,  to  produce  unsightly  marks  on  the 
casting. 

The  temperature  of  the  metal  is,  as  already  noted, 
of  the  greatest  importance,  influencing,  as  it  does,  the 
shrinkage  prior  to  and  after  solidification.  As  already 
pointed  out,  the  lowest  temperature  at  which  the  mould 
can  be  completely  and  properly  filled  is  in  general  the 
right  temperature  at  which  to  pour.  It  is,  however, 
quite  impossible  to  state  this  with  rigid  exactness, 
as  the  character  of  the  iron  has  some  influence 
on  the  proper  temperature.  This  principally  arises 
from  the  changes  that  occur  in  iron  by  prolonged 
heating  at  a  high  temperature  below  fusion  (see 
page  407).  As  already  pointed  out,  the  heating  has 
the  effect  of  causing  the  carbon  [  to  separate  as 
temper  graphite.  It  follows  that  with  whiter,  harder  irons, 
if  poured  very  near  the  melting  point — as  near  as 
possible  with  complete  filling — that  the  casting  will  cool 
off  more  rapidly  than  when  poured  hotter,  so  that  the 
tendency  to  self-annealing  with  graphitic  separation  will 
be  reduced,  and  the  castings  will  be  harder,  less  tough, 
and  more  fragile  than  when  cast  hot.  This  does  not  apply 
to  light  castings.  It  may  be  stated  generally  that  the  more 
nearly  the  iron  approaches  whiteness  and  the  further 
it  should  be  raised  above  its  melting  point. 

Various  pyrometers  are  made  for  determining  the 
temperature  at  the  time  of  pouring,  and  will  be  dealt 
with  in  a  separate  chapter. 

In  filling  moulds  with  flow-off  gates  where  the  metal 
is  kept  running  through  in  order  to  insure  freedom  from 
blowholes  caused  by  gas  carried  in,  or  otherwise  present, 
especially  in  the  case  of  casting  iron  round  wrought  iron 
or  other  solid  metals,  watch  should  be  kept  that  the  teem- 
ing is  continued  for  a  short  time  after  seeing  any  scurf 
or  bubbles,  so  as  to  insure  a  completely  satisfactory 
result.  How  long  it  is  safe  to  continue  it  will  depend 
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on  the  temperature  of  the  metal  and  whether  wrought  or 
cast  iron  is  being  cast  in.  In  the  latter  case,  metal 
that  is  too  hot  or  the  prolongation  of  the  teeming  may 
melt  the  castings.  Special  care  is  consequently  necessary 
all  through  the  procedure. 

As  previously  noted,  the  firing  of  gases  should  be 
deferred  as  long  as  possible,  or  starting  of  the  mould  may 
occur.  This  is  more  especially  the  case  with  moulds 
made  in  sand  containing  coal  dust  and  other  organic 
matter. 

After  teeming,  feeding,  if  done,  must  be  resorted  to  at 
once  and  hot  metal  added  as  required. 

Changes  Occurring  During  the  Solidification  of  Castings. 
Attention  has  been  already  called  to  the  crystalline 
nature  of  iron  and  its  tendency  to  assume  that  condition 
during  solidification  from  fusion.  Fig.  107  is  from  a  photo- 
graph of  such  a  group  of  crystals.  The  solidification  and 
crystallisation  are  dependent  on  the  removal  of  the  heat 
from  the  metal.  This  is  caused  by  contact  with  the  sides 
of  the  mould,  the  heat  being  carried  off  by  conduction. 
At  first  a  thin  skin  forms  a  lining  to  the  mould.  The 
outer  surface  of  this  is  smooth,  but  the  inner  surface 
is  rough  and  consists  of  the  tops  of  crystals  projecting 
into  the  still-molten  interior,  and  which  grow  in  size  as 
solidification  proceeds.  The  crystals  so  formed  are  in  the 
case  of  iron  not  simple  crystals,  but  groups  of  crystals  so 
associated  that  one  appears  to  be  a  continuation  of  another 
in  the  same  direction,  being  more  or  less  part  of  it. 
Reference  to  Fig.  108  will  make  it  quite  clear.  In 
this  manner,  although  the  crystals  of  iron  belong  to  the 
cubic  system  and  the  axes  of  crystallisation  (the  principal 
directions  in  the  crystal)  are  all  of  equal  length,  groups 
are  formed  in  which  there  is  a  longer  direction.  When  the 
metal  solidifies  these  groups  arrange  themselves  so  that 
this  longer  direction  is  at  right  angles  to  the  cooling 
surface,  that  is,  the  surface  from  which  the  heat  is  being 
conducted  away.  (See  Fig.  109,  white  iron).  The 
effect  on  the  strength  of  the  casting  is  very  great.  The 
strength  depends  on  the  completely  uniform  disposition 
of  the  materials.  Any  departure  from  this  will  entail  loss 
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of  strength  in  the  direction  in  which  it  occurs.  When  two 
cooling  surfaces  are  at  right  angles  to  each  other,  and  the 
removal  of  heat  is  equally  rapid  in  both  directions,  the 
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metal  enclosed  by  the  two  sides  will  solidify  so  that  the 
portion  occupying  the  region  of ^  the  line  bisecting!  the 
angle  will  be  influenced  at  the  same  time  from  both  sides, 


MOULDING   OPERATIONS. 


223 


Confused  crystallisation  results,  and  a  line  of  weakness  is 
the  result.  This  weakness  is  not  only  the  result  of  irregu- 
lar crystallisation,  but  is  also  due  to  the  separation  of  the 
more  fusible  constituents  of  the  iron  and  their  collection 
in  that  region.  This  becomes  more  pronounced  as  the 
casting  is  thicker  and  the  bisecting  line  longer. 


FIG.  108. 


FIG.  111. 


FIG.  110.  FIG.  112. 

In  all  cases  weakness  is  produced,  but  in  some  instances 
it  is  of  greater  importance  than  others.  Fig.  110  shows 
the  effects  produced  in  square,  round,  and  round  hollow 
castings.  The  lines  of  weakness  are  indicated  in  A.  In  B 
and  C  the  lines  of  cooling  and  crystallisation  all  converge 
towards  the  centre,  and  no  interference  takes  place  in 
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C,  while  in  B  the  central  part  is  confused  and  irregular. 
In  rectangular  bars  the  arrangement  is  as  in  D.  Apply- 
ing this  principle  to  castings  it  will  be  seen  that 
wherever  possible  sharp  angles  should  be  avoided. 

Fig.  Ill  shows  a  typical  case  of  the  effect  of  sharp 
angles  and  the  advantage  of  employing  a  rounded  surface 
in  its  place.  The  strength  of  the  casting  is  very  greatly 
increased. 

Filleting. — Abrupt  changes  in  form  should  be  avoided. 
The  advantages  obtained  by  filleting  in  a  pattern 


FIG.  109.— FRACTURE  OF  WHITE  PIG  IRON. 

(C,  Fig.  112)  and  the  consequent  rounding  off  of 
the  angles  in  the  casting  are  largely  due  to  their  influence 
on  the  crystallisation,  as  well  as  the  filling  up  of  the 
angle  and  removal  of  the  "  nicking  "  effect  of  the  sudden 
change  of  direction.  Filleting  not  only  has  its  effect  on 
the  solid  casting  when  cold,  making  it  more  difficult  to 
break  away  parts  so  dealt  with,  but  exerts  a  similar 
resisting  effect  during  the  cooling  down  and  contraction 
of  the  metal.  It  reduces  the  tendency  for  shrinkage 
to  produce  fractures  and  for  the  accumulation  of  stresses  at 


MOULDING    OPERATIONS. 


225 


the  angle,  by  increasing  the  thickness  of  the  metal.     On 
thin  castings  this  effect  is  very  marked  and  important. 

A,  Fig.  113,  represents  the  lower  portion  of  one  of  the 
hydraulic  cylinders  used  in  raising  the  tubes  of  the  Britan- 
nia Tubular  Bridge  across  the  Menai  Straits.  In  use  it 
broke  along  the  lines  of  confused  crystallisation,  as 
indicated  at  B.  Another  was  made  of  the  form  C. 
The  same  kind  of  metal  was  used,  and  no  increase  in 
weight  was  made,  but  the  cylinder  did  its  work  satis- 
factorily. Evidently  the  increase  in  strength  resulted 
from  the  change  in  the  form  of  the  casting.  It  will  be 
remembered  that  hydraulic  cylinders  are  now  always 
cast  with  spherical  ends. 
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FIG.  113. 

The  changes  hi  composition  and  volume  that  occur 
have  been  alluded  to  in  earlier  Chapters,  and  it  has  been 
pointed  out  that  the  separation  of  graphite  during  the 
cooling  of  cast  iron  compensates  for  the  shrinkage  and 
reduces  the  contraction.  Prof.  Turner,  at  the  meeting 
of  the  Iron  and  Steel  Institute,  May,  1906,  read  a  paper 
on  the  volume  and  temperature  changes  that  occur  in 
cast  iron  during  cooling.  The  experiments  described 
further  establish  the  fact  that  with  white  cast  iron  there 
is  an  arrestment  in  the  contraction  during  cooling  after 
solidification  "  which  may  or  may  not  lead  to  an  ex- 
pansion . ' '  With  grey  pig  iron  containing  little  phosphorus 
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two  arrestments  occurred  and  grey  hematite  showed 
two  marked  expansions — one  immediately  the  metal 
became  pasty  enough  to  move  the  indicator — that  is, 
just  as  it  solidifies — and  the  other  when  cooled  down  to 
695°  C.  In  the  experiment  this  occurred  three  minutes 
after  the  first,  with  a  Jin.  test  bar. 

With  phosphoric  grey  pig  iron  (Northampton  pig 
was  used)  three  arrestments  were  noted.  The  first 
expansion  on  solidifying  was  considerable,  the  second 
slight,  and  the  third,  at  730°  C.,  is  larger  than  either.  It 
was  4  min.  35  sec.  after  solidification  before  the  Jin.  bar 
"  had  again  reached  the  original  size  of  the  mould," 
after  which  contraction  proceeded  during  cooling  in 
the  ordinary  way. 

The  experiments  during  which  these  observations 
were  made  were  carried  out  on  bars  Jin.  square,  and  of 
uniform  section,  so  that  the  cooling  was  uniform  over 
the  whole  length.  With  bodies  of  metal  of  varying 
mass  the  time  during  which  such  changes  occur  will  differ 
and  will  be  longest  delayed  in  the  thicker  parts.  The 
thin  sections  will  have  passed  through  the  cycle  of 
changes,  and  be  cooling  down  and  contracting  while  the 
thicker  parts  are  still  fluid  enough  to  feed  them,  thus 
preventing  contraction  from  taking  place.  When  the 
thicker  parts  solidify  and  cool  the  contraction  that 
occurs  will  be  greater,  because  the  first  expansion  on 
solidification  will  at  anyrate  have  been  utilised  in  keeping 
the  thinner  part  of  full  size,  and  as  the  final  contraction 
of  the  metal  in  all  parts  is  the  same,  the  thicker  parts 
will  exhibit  a  greater  apparent  total  contraction.  How 
far  this  is  compensated  by  the  expansion  of  the  metal 
after  solidification  differs  with  the  composition  of  the 
iron.  Apparently  highly  siliceous,  phosphoric  irons  ex- 
hibit the  most  marked  tendency  to  expand,  while  in 
ordinary  foundry  mixtures  the  first  expansion  is  most 
clearly  defined. 

These  results  make  the  explanation  of  the  curving  of 
castings  easy.  The  thinner  parts,  maintained  in  size 
by  the  thicker  portion  and  remaining  rigid  as  the  thicker 
parts  cool,  resist  the  contraction,  and  as  the  force  is 
irresistible  curvature  of  the  casting,  fracture,  or  the  develop- 
ment of  internal  stresses  according  to  the  shape,  &c.,  of 
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the  casting  takes  place.  Castings  having  parts  of 
unequal  thickness  always  exhibit  a  tendency  to  become 
distorted.  Looking  at  the  thick  side  or  face  the 
curvature  is  concave  (hollow),  at  the  thin  convex. 

Cambering  Patterns. — Patterns  of  castings  that  are  liable 
to  be  distorted  by  this  means  owing  to  the  presence  of 
ribs,  &c.,  are  bent  in  the  direction  opposite  to  that  taken 
by  the  casting,  so  that  the  contraction  shall  cause  it  to 
pull  itself  straight.  The  amount  of  "  camber  "  (degree 
of  curvature)  necessary  to  effect  this  will  depend  on  the 
quality  of  the  iron  ;  the  relative  weights  of  the  parts, 
the  proportion  of  length  to  width,  and  even  the  method 
of  moulding  influence  it,  and  it  is  only  by  careful  observa- 
tion that  the  necessary  allowance  can  be  made. 

On  thin  castings,  such  as  stove  grate  work,  an  allow- 
ance of  from  ^in.  to  t^in.  per  foot ;  on  heavier  work,  say 
§  channels,  an  allowance  of  Jin. ;  and  on  heavy  work  of 
considerable  length  as  much  as  fin.  per  foot  is  sometimes 
allowed. 

With  hollow  castings,  such  as  pipes  or  columns,  the 
castings  become  concave  on  the  thin  side,  due  to  the 
fact  that  the  variation  is  not  only  slight  but  gradual. 

Closely  connected  with  the  problem  of  curvature  is 
that  of  fracture  of  castings  while  cooling,  due  to  great 
differences  in  the  weight  and  disposition  of  parts.  Frac- 
tures may  arise  from  various  causes.  The  casting  may 
envelop  the  sand,  and  be  so  thin  and  weak  that  the  re- 
sistance to  the  force  of  contraction  is  greater  than  the 
tensile  strength  of  the  section.  In  such  cases  the  character 
of  the  metal  has  a  great  influence  on  the  probability  of 
fracture.  High  tensile  strength,  with  toughness  while  hot 
is  essential.  Irons  which  are  most  quickly  weakened  by 
heat  are  least  suitable  for  the  purpose.  For  this  reason 
low-phosphorus  irons,  such  as  hematites,  are  most  suit- 
able for  making  castings  where  this  occurs. 

In  making  moulds  in  which  such  conditions  exist 
and  fracture  is  almost  certain  unless  specially  guarded 
against,  provision  must  be  made  to  allow  the  contracting 
metal  to  compress  the  mould.  Thus  in  wide,  thin,  hollow 
cylindrical  work  it  is  usual  to  use  collapsible  core  bars 
or  other  means  so  as  to  allow  the  core  to  be  compressed, 
after  solidification  of  the  metal  has  taken  place.  In 
the  same  manner,  if  two  flanges  situated  close  together 
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include  a  space  between  them  either  the  flanges  or  the 
metal  in  the  space  between  them  are  likely  to  be  broken. 
In  sand  moulds  such  parts  should  be  specially  well  vented 
in  order  that  when  the  contracting  metal  causes  pressure 
the  sand  may  crush  and  prevent  fracture.  The  use  of 
open  material  in  such  parts  or  even  of  hay  band  or  some 
similar  body  often  saves  distortion  or  fracture. 

Small  projections  on  the  sides  of  deep  castings  are 
frequently  broken  off,  or  so  weakened  that  very  little 
force  is  required  to  snap  them  off,  owing  to  the  same 
cause.  This  is  especially  noticeable  when  the  projections 
are  near  the  top  of  the  casting. 

The  rending  of  pulleys,  and  the  arms  of  pulleys  and 
flywheels,  are  other  cases.  The  former  is  simple  com- 
pression of  the  enclosed  sand.  Rending  of  the  arms  is 
due  to  the  difference  in  volume  and  mass  or  resistance 
between  the  arms  and  the  boss  and  rim  of  the  wheel. 
Owing  to  the  smaller  body  of  metal  in  the  arms  they 
solidify  and  cool  before  the  heavier  parts,  and  although  in 
contact  with  the  hot  metal  at  the  ends  a  much  larger 
surface  is  exposed  to  the  cooling  action  of  the  mould, and 
the  loss  of  heat  is  more  rapid  than  the  supply.  The  con- 
traction thus  takes  place  while  the  heavy  parts  are  still  hot 
and  expanded  producing  strain  or  fracture.  Curved  arms 
are  substituted  for  straight  ones  to  reduce  the  direct  pull, 
and  very  light  pulley  arms  of  considerable  diameter  are 
often  cast  with  the  boss  only,  the  rim  being  riveted 
on.  The  latter  may  in  this  case  be  of  wrought  iron. 
Heavy  parts  of  castings  that  are  liable  to  produce 
fracture  or  curving  are  frequently  uncovered  as 
soon  as  practicable  in  order  to  cause  them  to  cool  more 
quickly,  while  light  parts  are  covered  to  keep  them  hot 
as  long  as  possible.  This  reduces  the  tendency  to 
curve,  and  also  helps  to  relieve  the  strains  set  up 
by  irregular  cooling.  The  use  of  chill  plates  in  the 
mould  will  be  dealt  with  later  on. 

Contraction  of  the  metal  has  already  been  dealt  with, 
and  while  it  is  possible  to  select  metal  which  shall  give 
the  least  contraction  the  actual  treatment  required  in 
a  particular  case  cannot  be  stated  without  due  regard  to 
all  the  special  conditions  governing  it,  of  which  not  the 
least  is  whether  the  casting  is  required  to  be  strong  and 
tough  in  addition  to  being  straight  and  sound. 


CHAPTER   XL 

CORES   AND    CORE    MAKING. 

CORES  are,  strictly  speaking,  any  part  of  a  mould  which 
produces  a  hollow  in  or  a  hole  through  a  casting,  and 
might  be  applied  to  projecting  portions  of  the  mould, 
however  slight,  that  are  surrounded  by  metal  on  all  sides 
except  that  by  which  they  are  supported  in  the  mould. 
This  would  include  some  parts  not  generally  classed  as 
cores.  Many  cores  are  made  as  independent  parts,  and 
placed  in  position  after  the  mould  has  been  otherwise 
completed,  but  to  restrict  the  term  to  such  parts  would 
exclude  those  portions  of  a  mould  made  during  the 
ramming  up  of  the  pattern,  and  that  are  distinctly  cores, 
but  would  include  parts  of  the  mould  made  separately 
in  boxes,  because  of  the  presence  of  undercut  places 
on  the  pattern.  In  general,  all  parts  so  made  in  special 
boxes,  as  well  as  upstanding  or  other  parts  left  when  the 
pattern  is  drawn,  and  which  fulfil  the  function  of  a  core, 
are  included  in  the  term  core.  The  latter  are  sometimes 
described  as  "  cods." 

Cores  are  distinguished  as  green-sand  cores,  dry -sand 
cores,  loam  cores,  and  chilling  cores,  according  to  the 
nature  of  the  material  of  which  they  are  made. 

In  considering  the  influence  they  have  on  the  quality 
of  castings,  the  conditions  of  making  and  casting  the 
moulds,  and  the  selection  of  suitable  metal  for  the  purpose, 
all  play  an  important  part,  and  must  be  reviewed.  It 
must  be  remembered  that  as  the  core  is  more  or  less 
surrounded  by  metal  the  venting  is  thereby  made  much 
more  difficult,  and  that  by  breaking  the  continuity  of 
the  metal  it  interposes  a  possibly  non-contractile,  resisting 
mass  in  the  body  of  the  metal,  thus  interfering  with  its 
contraction  while  cooling,  and  at  the  same  time  intro- 
ducing a  cooling  face  into  the  mass  of  metal. 

In  this  latter  connection  it  may  be  pointed  out  that 
the  lightening  of  a  casting  by  coring  out  the  more  massive 
parts  does  not  always  mean  a  diminution  of  strength. 


230  CORES    AND    CORE    MAKING. 

The  increased  strength  resulting  from  the  better  con- 
ditions of  cooling  and  consequent  reduction  of  internal 
stresses  more  than  compensate  for  the  reduction  in 
strength  resulting  from  the  diminution  in  the  weight  of 
metal  present.  It  is  sometimes  impossible  to  cast  certain 
patterns  where  a  concentration  of  metal  occurs  at  one 
point  without  fracture  ;  but  by  reducing  the  thickness 
of  the  massive  parts  good  castings  are  obtained,  as  in 
wheels  with  very  heavy  hubs.*  Obviously,  there  is  a 
point  at  which  the  lightening  process  just  counteracts 
the  tendency  to  fracture  and  the  increase  in  strength 
(net)  is  practically  nothing.  Further  reduction  of  the 
mass  must  in  that  case  lead  to  an  increase. 

Reference  to  the  resistance  to  contraction  on  cooling 
and  possible  fracture  resulting  from  this  cause  has  already 
been  made.  In  some  cases,  the  presence  of  many  small 
hard  cores  interferes  greatly  with  the  estimated  con- 
traction, as,  for  example,  a  plate  filled  with  small  holes. 
With  hard  dry-sand  cores,  the  contraction  may  under 
certain  circumstances — quality  of  metal,  pouring  tem- 
perature, and  weight  of  casting — be  reduced  to  nothing. 
Phosphoric  high-carbon  irons  and  high  pouring  tempera- 
ture favour  this  result.  Less  difficulty  is  encountered 
with  green  sand  if  the  use  of  such  cores  be  possible,  and 
also  with  cores  capable  of  crushing  when  the  first  con- 
traction after  solidifying  begins.  An  ideal  core  would  be 
one  consisting  of  an  outer  refractory  skin,  sufficiently 
strong  to  resist  the  pressure  of  the  fluid  metal  when  the 
mould  is  filled,  and  that  would  yield  to  the  contraction 
that  goes  on  as  the  metal  cools  down.  It  must  possess 
suitable  venting  facilities.  Some  cores  approach  this 
ideal,  but  too  often  the  core-maker  has  no  knowledge  of 
the  fact,  and  some  of  the  methods  he  adopts,  such  as 
winding  hay  rope  on  a  core  barrel,  to  secure  the  attach- 
ment of  the  core  material  to  the  support,  fulfil  a  more 
important  purpose  than  that  for  which  he  actually  uses  it, 
while  the  removal  or  release  of  core  barrels  while  the 
casting  is  cooling  serves  the  same  end. 

Cores  Left  by  the  Pattern.— Where  the  pattern  leaves 
its  own  core,  it  must  be  of  such  actual  form  or  constructed 
in  such  a  manner  as  to  permit  the  ramming  to  be  done 


*  A  chambering  core  being  employed. 
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properly,  and  yet  allow  the  removal  of  the  pattern  while 
the  core  is  resting  in  the  position  it  will  occupy  when  the 
mould  is  poured.  If  the  pattern  will  not  draw  without 
the  removal  of  the  core,  it  must  be  made  on  a  suitable 
plate  by  which  it  can  be  lifted  out  of  the  way. 

Fig.  114  shows  the  mould  of  an  ordinary  wash  boiler. 
The  pattern  is  laid  mouth  downwards  on  a  strong  board 
base,  and  the  middle  part  swabbed  and  put  over  it. 
Ramming  is  proceeded  with.  The  box  has  the  usual 
flange  running  round  the  inside  lower  edge,  and  if  of  the 
right  size  does  not  require  any  irons  to  hold  the  sand  in 
place.  The  parting  is  made,  the  top  part  put  on  and 


FIG.  114.— MOULD  OF  AN  ORDINARY  WASH  BOILER. 

rammed  with  a  tapering  gate  pin,  as  shown.  The  top 
box  is  secured  to  the  middle  part,  and  the  whole  turned 
over.  The  inside  of  the  pattern  is  then  well  rapped  to  start 
it  from  the  sand,  and  the  inside  filled  with  sand.  Facing 
sand  is  used  for  the  bottom  (afterwards  the  top),  but 
ordinary  sand  for  the  upper  part.  It  is  well  consolidated 
with  a  flat  rammer  and  feet,  and  filled  up  level  with  the 
rim.  Venting  is  done  very  thoroughly  with  a  fin.  wire. 
The  joint  outside  the  rim  of  the  boiler  is  well  made.  The 
bottom  box  is  then  put  on,  secured  to  the  middle  part, 
and  rammed  up.  The  core  vents  are  carried  through  the 
bottom.  Then  the  whole  mould  is  turned  over,  the 
fastenings  of  the  upper  part  released,  and  the  top  box 
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lifted  off,  the  edges  and  sides  of  the  middle  box  swabbed, 
and  the  sides  well  vented  by  pushing  the  vent  wire  down 
at  short  intervals  Hin.  or  so  from  the  face  of  the  pattern. 
The  middle  part  is  then  lifted.  It  may  bring  the  pattern 
with  it,  leaving  the  core  standing  clear.  In  any  case,  the 
pattern  is  taken  out  with  an  eye  bolt  screwed  into  the 
dome.  Middle  and  top  parts  are  fixed  together  and 
finished  while  so  attached,  and  then  turned  over  on  to 
the  core.  The  bottom  box  is  fitted  with  long  guides  to 
insure  proper  centring  and  steadiness  to  avoid  injury 
when  closing  the  mould.  Thorough  venting  and  firm, 
even  ramming  of  the  core  are  of  the  greatest  importance. 
Probably  the  ramming  and  proper  venting  of  the  core  are 
in  such  cases  the  most  important  points  in  the  making  of 
the  mould.  The  vents  should  be  carried  right  through 
the  bottom  of  the  drag  and  vents  made  underneath 
to  carry  off  the  gases.  This  particular  case  calls  for  some 
little  notice.  Good  strong  facing  should  be  used  for  the 
top  of  the  core  or  it  will  scab,  due  to  the  metal  falling  on 
the  top.  No  facing  is  needed  at  the  sides,  owing  to  the 
thinness  of  the  metal,  for  reasons  already  discussed.  In 
this  case  the  pattern  could  be  made  complete  in  one  piece, 
and  by  turning  over  the  core,  left  in  the  position  it  would 
occupy  in  casting. 

In  bedded-in  work  patterns  may  be  made  to  leave 
their  own  cores  also,  if  constructed  so  that  the  top  can 
be  removed  to  allow  of  ramming  up  the  internal  spaces 
underneath.  In  this  case,  the  venting  is  more  difficult, 
as  it  must  all  be  done  from  the  surface  on  which  the 
metal  lies,  and  yet  no  gas  must  come  up  through  the 
metal.  If  a  cinder  bed  is  used  the  vents  must  be  carried 
down  to  it  and  well  closed,  as  previously  described  in 
making  a  sand  bed,  or  the  digging  out  of  side-channels 
and  cross-venting  with  the  wire  also  previously  described, 
may  be  resorted  to.  In  some  cases  the  pattern  will  lift 
clean  away,  leaving  the  cores  intact  without  difficulty. 
Holding  them  down  by  means  of  irons  is  sometime; 
done.  Patterns  for  leaving  deep  cores  require  to  be  very 
carefully  made.  Sufficient  draught  must  be  given  and 
precautions  taken  to  avoid  warping,  otherwise,  on 
drawing,  the  cores  will  be  broken.  Excessive  rapping 
should  not  be  required. 
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If  the  lift  is  deep  and  patterns  are  undercut,  it  may 
be  necessary  to  remove  the  core  before  the  whole  of  the 
pattern  can  be  got  out. 

Fig.  115  shows  a  case  of  this  nature.  It  is  the  mould  of  a 
box-like  casting  with  a  wide  flange  running  round  the 
edge,  and  moulded  as  follows  :  The  flanges  A  are  loose 
and  divided,  and  the  top  B  is  also  loose  and  provided 
with  dowels.  The  bed  is  made  level,  the  flanges  placed  on, 
and  the  plate  C  put  in  position.  Eyebolts  are  screwed 
in,  coming  nearly  to  the  top  of  the  core.  Either  wooden 
or  iron  rods  projecting  over  the  edges  of  the  plate  may 


floor  Line 


FIG.  us. 

be  used  for  supporting  the  overhanging  sand.  If  wooden 
rods  are  used,  they  are  first  dipped  in  clay  wash.  The 
pattern  with  the  top  off  is  put  in  place,  the  core  is  rammed  up, 
and  hollows  made  to  enable  the  handles  to  be  got  hold  of. 
B  is  put  on,  the  mould  rammed,  the  parting  being  made  at 
XY,  and  the  cope  put  in  place,  staked  and  rammed  up. 
On  removing  B,  the  pattern  may  be  drawn,  the  core 
lifted  away,  and  the  flanges  drawn.  Projections  under 
the  plate  carrying  the  core  serve  to  guide  it  into  place 
when  closing  the  mould.  The  hollows  in  the  top  are  then 
made  good,  and  the  cope  put  on. 

Plates  for  carrying  sand  are  similarly  employed  in  the 
moulding  of  lathe  beds,  large  sheafwheels,  the  bodies  of 
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sand  between  the  arms  of  wheels,  and  in  many  other 
similar  cases. 

Such  cores  come  practically  within  the  range  of  or- 
dinary moulding  operations,  and  but  for  the  exceptional 
manner  in  which  they  are  often  surrounded  by  the  metal 
calling  for  more  care  in  venting,  offer  few  special  features. 

Dry  Sand  Cores. — In  the  majority  of  cases,  cores  of 
the  above  type  cannot  be  made.  They  may,  even  if 
vertical,  be  too  long  in  proportion  to  their  thickness  to 
be  left  when  the  pattern  is  drawn.  Cores  that  lie  hori- 
zontally in  the  mould  must,  of  course,  be  made  indepen- 
dently and  put  in  position,  while  any  attempt  to  make 
the  mould  without  cores  would  in  most  instances  mean 
either  a  great  multiplication  of  parts  into  which  the 
mould  is  divided,  making  the  moulding  and  subsequent 
putting  together  difficult,  or  else  so  weakening  the  pattern 
as  to  make  the  accurate  reproduction  scarcely  possible  on 
account  of  its  fragile  or  yielding  nature. 

The  handling  necessary  requires  that  the  core  shall 
be  strong  enough  to  resist  it.  Added  to  this,  efficient 
venting  is  a  necessity  Dry  sand  and  loam  are  the 
materials  that,  when  properly  treated,  combine  these 
qualities. 

The  sand  in  dry-sand  cores  may  be  rammed  up  or 
pressed  in  boxes  (mechanically  or  by  hand)  or  for  cores 
of  uniform  cross-section  forced  mechanically  through 
tubes  of  standard  size,  and  subsequently  cut  to  length. 
Metal  rods,  frames,  and  grids  are  employed  to  give  the 
necessary  support  and  stiffness.  The  cores  are  dried 
in  the  stove.  Loam  cores  may  be  fashioned  in  the  wet 
state  and  dried  out. 

Core  sand  is  required  to  possess  many  special  qualities. 
It  must  be  sufficiently  cohesive  after  drying  to  withstand 
the  wash  of  metal,  and  allow  handling,  yet  porous 
enough  to  vent  with  extreme  freedom.  The  importance 
of  this  is  clear  when  the  slight  connection  with  the 
mould  is  considered.  For  some  confined  cores  the 
readiness  with  which  it  can  be  removed  from  the  casting 
is  also  important.  In  very  light  castings  slight  tapping 
with  a  hammer  should  be  sufficient  to  loosen  the  sand 
and  cause  it  to  trickle  out.  To  secure  this,  common 
moulding  sand  is  mixed  with  sharp  sand  and  in  some  cases 
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pease  meal,  flour,  or  blacking.  Sawdust,  horse  manure, 
and  other  similar  substances  are  also  introduced  with  the 
object  of  securing  free  venting,  and  to  diminish  the 
resistance  to  crushing.  Such  mixtures  are  ground  for  10 
to  1 5  minutes  in  the  mill.  Sand  that  has  been  kept  for  some 
time  before  use  is  more  satisfactory  than  new  sand.  It 
is  tougher  to  work  and  equally  if  not  more  porous  when  the 
cores  are  dried.  Milled-sand  mixtures  are  generally  used 
for  large  cores  for  heavy  castings,  where  the  force  of 
contraction  is  great.  The  drying  of  the  cores  and  the 
consequent  shrinkage  of  the  organic  matter  in  addition  to 
the  removal  of  the  water  from  the  ordinary  sand  mixture, 
insures  a  suitable  porosity,  and  promotes  the  removal  of 
gases,  while  good  blacking  closes  the  external  pores 
and  excludes  the  metal.  All  that  is  required  is  that  the  gas 
and  air  from  the  core  itself  shall  find  its  way  out  through 
the  core  vents. 

For  securing  greater  cohesion,  the  use  of  rock  sand 
containing  clayey  matters,  clay  water,  core  gum,  oil, 
molasses  water,  yeast,  porter  grounds,  and  other  materials, 
has  already  been  referred  to.  (See  pages  118-121). 

Core  sand  requires  to  be  well  damped  like  dry-sand 
mixtures,  but  not  so  wet  that  it  will  adhere  to  wooden 
core  boxes.  For  making  large  cores,  too  much  moisture 
makes  it  difficult  to  ram  properly,  and  the  cores  require 
too  much  drying. 

Internal  Support  for  Cores. — Small  and  short  straight 
cores  require  no  internal  support  other  than  the  natural 
cohesion  of  the  sand.  Long,  massive,  and  irregular- 
shaped  cores  require  to  be  strengthened  in  other  ways, 
principally  on  account  of  the  handling  they  must  undergo. 
In  straight  cores,  iron  rods  are  used,  the  ends  of  which 
may  project  from  the  core  and  serve  as  handles  for  lifting 
it.  An  example  of  such  a  use  is  in  the  making  of  small 
drain-pipes.  The  pipes  are  9ft.  long,  and  the  cores  are 
made  in  hinged  boxes,  so  as  to  be  readily  operated. 

A  mild  steel  rod  IJin.  square  is  used  as  a  core  iron, 
and  together  with  a  Jin.  round  venting  rod,  is  rammed  up 
in  the  middle  of  the  core.  The  cores  are  blacked  and 
partially  dried.  The  rods  are  not  stiff  enough  to  prevent 
the  long  core  from  bending  when  put  into  the  mould. 
The  middle  generally  rests  on  the  underside  of  the  mould, 
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but  the  core  is  lifted  by  the  metal  when  the  mould  is  filled. 
Flat-headed  nails  are  put  in  the  top  part  to  prevent  its 
being  lifted  too  high,  and  determine  the  thickness  of 
metal.  Such  pipes  are  cast  in  a  sloping  position. 

Bent  wires  and  rods,  conforming  to  the  shape  of  the 
core,  are  used  as  supports  when  the  core  is  not  straight. 
These  are  embedded  in  the  core  after  being  washed  with 
clay  water.  When  the  two  halves  are  made  separately  a 
core  iron  may  be  used  in  each  half.  Sometimes  a  net- 
work of  rods  and  wires  are  used  to  support  the  core. 
Some  core-makers  leave  the  rods  loose.  They  should 
be  tied  together  where  they  cross  with  wire.  For 
delicate  cores  soldering  is  even  better.  A  framework 
of  wire  can  often  be  used  where  a  cast-iron  grid  of  any 
strength  is  impossible.  Thin  shell  cores  for  coring  out 
the  jacketing  spaces  in  cylinders  and  compressors  may 
be  efficiently  supported  in  this  way. 

Larger  cores  are  supported  by  cast-iron  grids,  the 
shapes  of  which  are  adjusted  to  the  shape  of  the  core. 
Such  grids  have  nuts  or  lifting  eyes  cast  in  by  which  the 
core  can  be  handled.  In  the  former  case  handles  which 
screw  into  the  nuts  are  used.  When  employing  grids 
attention  must  be  given  to  the  provision  made  in  the 
casting  for  removing  them,  and  also  to  the  strength 
of  the  casting.  Only  thin  and  weak  grids  can  be  used  in 
castings  where  the  openings  are  small  and  it  is  necessary 
to  break  them  up  in  order  to  remove  them.  Wire  grids 
are  often  preferable  in  such  cases.  When  the  breaking 
of  the  core  iron  is  necessary  the  bars  should  be  nicked  or 
cast  with  notches,  so  that  it  may  easily  break  into  pieces 
small  enough  to  be  removed. 

Core  Irons  or  Arbors. — Some  of  the  methods  of  casting 
grids  in  open  sand  for  the  support  of  cores  have  already 
been  referred  to.  While  it  is  the  custom  in  many  shops 
to  make  such  grids  and  bars  light,  there  is  no  advantage 
in  doing  so  except  in  the  cases  before  noted.  Heavier 
grids  help  to  weight  cores  and  hold  them  down,  and  when 
the  core  simply  rests  in  its  place  in  the  bottom  of  the 
mould  and  is  not  otherwise  held  down  the  additional 
weight  given  by  a  heavy  core  iron  helps  to  keep  it  in 
place.  Heavy  irons  have  also  a  rigidity  not  possessed 
by  lighter  ones,  and  it  becomes  easy  to  fasten  extension 
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arms  and  grids  to  the  main  iron  by  means  of  rings  and 
wedges.  This  is  sometimes  useful  in  making  branches 
in  large  pipe  cores.  Heavy  core  irons  are  less  liable  to 
be  broken  in  use,  and  may  serve  for  a  considerable 
number  of  repeats.  The  labour  entailed  in  making  the 
core  is  reduced,  and  the  greater  depth  of  the  bars  affords 
a  better  support  to  the  wooden  rods  used  in  supporting 
the  core.  These  latter  are  dipped  in  clay  before  use. 
With  lighter  grids  screw  clamps,  nuts,  and  bolts  are 
necessary  to  attach  such  additions  if  used. 


r 


FIG.  116. 


Much  ingenuity  is  displayed  in  making  core  irons 
for  branching  and  T  pipes,  the  attachments  being  so  made 
that  they  can  be  released  from  the  outside  of  the  casting. 
It  is  obvious  that  without  some  means  of  detaching 
the  branch  it  will  be  necessary  to  break  the  core  iron 
in  order  to  remove  it.  Fig.  116  shows  such  an  arrange- 
ment. The  core  bar  is  recessed  at  A  just  over  one  of  the 
projecting  bars,  and  a  wr ought-iron  bridge  B  is  cast  in 
it.  The  branch  iron  C  has  a  plain  end  long  enough  to 
project  through  B.  The  projecting  end  is  often  made 
by  casting  a  flat  iron  bar  in  the  top  of  the  branch  bar. 
Thh  bar  is  held  in  place  by  the  bent  end,  and  by  counter- 
sunk rivets  passing  through  the  bar  and  cast  in.  One  or 
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more  loops  are  threaded  on  it  and  the  projection  of 
the  main  iron  on  which  it  rests.  A  loose  notched  iron 
bar  D  lies  on  the  top,  and  projects  through  B  and 
from  the  end  of  the  core  iron.  Wedges  are  driven 
under  B  and  the  loops  at  G  in  the  direction  shown  so 
as  to  firmly  secure  the  core  iron  and  bars,  but  at  the  free 
end  the  wedge  is  driven  in  the  opposite  direction.  As 
this  end  projects  from  the  casting  it  is  easy  when  required 
to  remove  the  end  wedge,  and,  by  striking  the  loose 
bar,  to  release  all  the  other  wedges,  after  which  the 
branch  bar  can  be  drawn  out  and  afterwards  the  main 
iron. 

A  dovetail  joint  (Fig.  1 17)  is  also  used  for  the  same  pur- 
pose.   A  wooden  wedge  serves  to  hold  the  dovetail  in  place. 


FIG.  117. 


The  heat  of  casting  generally  loosens  the  wedge,  and  it  is 
not  difficult  to  release  the  joint  and  remove  the  iron. 
The  projections  at  the  side  of  the  dovetail  must  be 
shallow  enough  to  allow  the  bar  to  be  pulled  out  after 
the  pipe  has  been  rolled  over  and  the  bar  dropped.  It 
is  necessary  to  have  a  large  amount  of  taper  on  the  dove- 
tail to  allow  this  to  be  done. 

With  heavy  core  irons  such  as  these,  and  wooden 
rods  as  further  support,  green-sand  cores  may  often  be 
used  instead  of  dry-sand  or  loam  cores. 

For  cylindrical  green-sand  cores  using  such  irons 
the  lower  half  of  the  core  box  is  made  complete  and 
the  upper  half  of  the  core  swept  up,  or  an  upper-half 
core  box  is  provided  with  an  aperture,  running  the 
whole  length  of  the  box,  left  in  the  top  for  ramming 
purposes.  The  lower  half  of  the  iron  core  box  is  oiled, 
and  then  well  blacked  to  prevent  sticking  in  the  box, 
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Core  sand  is  then  pub  in  and  made  into  a  firm  bed  on 
which  the  core  iron  is  laid.  Rows  of  wooden  rods  well 
coated  with  clay  wash  are,  if  intended  to  be  used,  then 
placed  round  the  projecting  wings  of  the  iron,  and  the 
ramming  up  of  the  core  proceeded  with.  Vents,  either 
rods,  ashes,  or  other  porous  material,  are  placed  on  the 
top  of  the  core  iron,  the  upper  box  closed,  and  rammed 
through  the  slit  in  the  top.  The  final  rounding  off  of 
the  top  under  the  ramming  slit  is  done  with  a  small 
strickle. 

If  the  core  be  long  the  top  part  is  made  in  sections. 
A  short  length  of  core  box  is  provided  so  that  it  can  be 
moved  along  when  the  ramming  of  one  part  is  completed, 
the  dowels  or  stops  being  so  placed  as  to  allow  this  to  be 
done. 

To  avoid  the  breaking  up  of  the  core  iron  rendered 
necessary  when  from  the  shape  of  the  casting,  for 
example  a  U  tube,  it  cannot  be  drawn  out,  flexible 
supports  have  been  made  to  avoid  the  shifts  formerly 
resorted  to  so  as  to  enable  the  core  iron  to  be  removed 
from  the  bend. 

In  moulding  U  tubes  with  long  legs,  and  in  similar 
cases  where  from  the  shape  of  the  casting  a  single  rigid 
core  iron  could  not  be  employed  without  breaking  it  up 
in  each  casting,  various  devices  have  been  resorted  to. 
The  particular  methods  followed  depend  on  the  length 
of  the  limbs,  width  of  pipe,  and  circumference  of  bend. 

With  narrow  bends  and  wide  pipes  the  core  may  be 
made  in  halves  in  boxes,  and  stuck  together.  In  this  case 
wr ought-iron  rods  longer  than  the  half-length  of  the 
core  are  used,  and  laid  in  so  as  to  overlap  a  considerable 
distance — 20in.  to  30in. — and  form  a  splice.  These  are 
not  tied  together,  and  in  withdrawing  them  they  must 
be  bent  sufficient  to  pull  them  out  of  the  casting.  The 
necessity  for  bending  core  rods  straight  when  with- 
drawing them  is  by  no  means  uncommon,  and  in  selecting 
iron  rods  as  core  irons  attention  should  be  paid  to  this. 

In  similar  situations  cores  are  frequently  made  in 
half-lengths,  and  butted  together  in  the  mould  at  the 
bend,  care  being,  of  course,  taken  to  make  the  joint  good. 
When  cores  are  made  in  halves  of  full  length,  light  cast 
bars  or  grids,  one  in  each  half  of  the  core,  are  also  used. 
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These  are  bolted  together  to  fasten  the  halves  of  the  core 
and  broken  up  for  removal. 

The  use  of  jointed  core  irons  is  also  sometimes  resorted 
to.  They  can  only  be  used  where  the  curve  of  the  casting 
is  regular,  as  in  the  case  of  bend  pipes.  The  free  ends  of 
the  straight  legs  must  be  firmly  fastened  when  the  core 
iron  is  in  use,  and  the  links  are  made  so  that  they  bind 
upon  each  other  to  secure  rigidity  when  bent  in  the 
position  in  which  they  are  used.  If  not  stiff,  a  few 
wooden  wedges  readily  make  all  tight. 


Fig.  118  shows  the  arrangement.  The  cast-iron  links 
A  have  a  projection  at  one  end  and  a  socket  at  the  other, 
so  that  when  fastened  together  by  rivets  a  chain  is  formed. 
The  extent  to  which  the  chain  can  bend  is  determined 
by  the  stop  B  and  the  sides  of  the  socket,  and  can  be 
adjusted  to  suit  any  curvature.  Collapse  at  the  bend 
while  handling  the  core  is  thus  prevented.  One  end  of 
the  flexible  bar  is  attached  to  the  straight  leg  by  hooks  D 
set  at  opposite  sides  of  the  leg,  and  fitting  into  holes  in 
the  end  link.  The  other  leg  is  attached  to  the  chain 
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portion  at  E  by  riveting,  and  has  a  similar  socket  to 
those  on  the  chain  links. 

The  legs  are  kept  in  position  by  an  iron  bar  F,  with 
end-plates  fitting  on  projections  at  the  ends  of  the  legs  and 
secured  by  screws  or  wedges.  This  is  not  removed  till 
after  casting.  Venting  is  effected  through  holes  G  in  the 
plates,  and  left  in  the  links,  while  hay  band  is  laid  round 
each  side  of  the  links.  In  removing  such  a  core  iron  after 
the  plate  F  has  been  taken  off,  the  loose  leg  is  removed 
by  clearing  out  the  sand  as  far  as  possible  with  the  casting 
in  a  vertical  position,  and  giving  the  iron  a  twist  to 
loosen  the  hooks,  when  it  drops  out.  Vigorous  hammering 
and  clearing  of  the  sand  in  the  other  leg  causes  it  and  the 
flexible  part  in  the  bend  to  drop  out.  The  ramming  of 
the  core  is  carried  out  as  previously  described,  by  bedding 
the  iron  in  the  bottom  box  and  ramming  up  in  sections 
with  a  short  length  of  top  box,  a  short  circular  section 
being  used  for  the  bend.  The  opening  in  the  top  of  the 
core  box  is  finished  with  a  sweep.  Much  time  is  saved 
in  removing  such  core  irons,  but  the  use  of  them  is,  on 
account  of  expense,  limited  to  work  which  is  often 
repeated,  and  where  the  free  ends  can  be  rigidly  fixed 
so  as  to  prevent  movement  while  handling.  Lifting  is 
effected  by  handles  at  H. 

Core  boxes  in  which  core  irons  of  the  classes  described 
are  used  to  facilitate  rapid  production  should  be  fitted 
so  that  when  the  core  iron  is  placed  in  and  bedded,  the 
flanges,  of  whatever  shape,  rest  against  the  sides  and 
bottom  of  the  opening  in  the  end  of  the  box,  thus  cen- 
tring the  core  iron  and  insuring  uniformity  of  thickness. 
The  boxes  in  which  the  castings  are  made  have  openings 
of  corresponding  size,  so  that  an  accurate  bearing  is 
obtained  for  centring  the  core  and  insuring  uniformity 
of  thickness.  With  thin,  light  castings  the  importance 
of  this  is  apparent. 

Speaking  generally,  green  sand  cores  made  thus  are 
used  for  light  work,  dry  sand  or  loam  being  used  for 
heavier  castings.  With  dry  sand  cores  made  in  halves 
in  boxes,  and  stuck  together,  the  probability  of  the  holes 
made  by  the  cores  being  accurate  in  shape  is  less  than 
when  green  sand  cores  are  used. 

Qi 
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Green  sand  cores  of  circular  section  may  also  be 
struck  up  on  core  barrels  of  suitable  character,  the  sand 
being  applied  by  hand  or  mechanically  and  struck  up  to 
size  with  a  sweeping  board  as  presently  described. 

In  building  up  cores  of  considerable  depth  which  have 
to  be  lifted,  the  irons  at  the  bottom  are  provided  with 
prods  looking  upwards  to  make  the  material  firm,  and 
prevent  its  shifting  when  being  moved  about.  The 
length  of  these  should  be  such  that  the  upper  ends  lie 
IJin.  to  2in.  below  the  upper  surface.  With  very  deep 
cores  the  prods  are  often  omitted,  and  instead  of  using  a 
single  grid  at  the  bottom  others  are  used  higher  up  the 
casting  and  attached  to  the  bottom  one,  either  by  the 
lifting  rods  or  by  other  means.  Bars  or  wooden  rods 
passing  downwards  through  the  holes  in  the  upper 
grids  serve  to  prevent  the  shifting  of  the  material. 

Supports  for  green  and  dry  sand  cores  are  much  of 
the  same  character. 

Loam  Cores. — These  may  be  divided  into  two  classes : — 
(a)  Those  intended   for   use   in   green   sand   moulds 

(including  many  dry  sand  moulds). 
(6)  Cores  used  in  loam  moulds. 

The  latter  are  produced  by  methods  that  will  be  dealt 
with  under  loam  moulding,  as  they  involve  all  the  methods 
and  skill  necessary  in  making  the  moulds  themselves. 

The  former  class,  however,  includes  those  of  a  much 
simpler  character.  Usually,  they  are  either  of  uniform 
section  throughout  or  of  such  a  form  that  they  can  be  made 
by  applying  the  loam  and  other  material  to  a  suitable 
iron  support.  The  shape  is  generally  obtained  either  by 
moulding  the  soft  loam  to  the  form  required  by  means  of 
a  shaped  board  moved  lengthwise  or  other  straight-line 
direction,  or  by  applying  the  board  to  the  surface  of  the 
loam  while  the  latter  on  its  support  is  being  revolved— 
a  method  similar  to  turning.  This  latter  method  is  very 
generally  applied  to  the  making  of  cylindrical  cores. 

Supports  for  such  cores  generally  take  the  form  of 
hollow  iron  cylinders,  and  are  known  as  core  bars  or 
barrels.  They  may  be  anything  from  a  gas  pipe  to  a 
thick  cylinder  of  cast  iron.  Thus  in  a  jobbing  foundry  a 
core  for  a  Sin.  pipe  would  be  struck  up  on  a  gas  or  steam 
pipe  lin.  diam.  with  T3gin.  holes  drilled  Sin.  or  4in.  apart. 
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These,  as  will  be  shown  later  on,  serve  to  vent  the  core. 
In  core  bars  of  greater  diameter,  the  holes  are  larger  and 
further  apart,  and  may  be  round,  square,  or  oblong. 
A  core  lOin.  in  diameter  would  usually  have  a  core  barrel 
6in.  to  7in.  diam.,  and  so  on,  a  thickness  of  not  more 
than  1  Jin.  or  less  of  core  material  being  quite  sufficient  if 
properly  applied.  In  such  cores  the  barrel  is  first  covered 
with  a  layer  of  hay  band  or  straw  rope  for  venting  purposes, 
and  for  other  reasons  already  dealt  with — yielding, 
&c. — and  it  is  necessary  to  have  such  a  thickness  of  loam 
on  the  top  as  shall  insure  the  complete  covering  of  the 


FIG.  119.— HAY- BAND  MAKING  MACHINE. 

combustible  hay  and  straw  and  prevent  charring. 
Otherwise,  should  it  be  left  uncovered,  or  cracks  form 
so  that  the  hot  metal  can  reach  the  straw,  it  will  burn 
away  and  the  casting  will  be  lost.  The  coating  of  loam 
should  be  as  far  as  possible  of  uniform  thickness. 

Similar  difficulties  arise  in  drying  the  cores  in  the  stove. 
Overheating  may  cause  the  hay  to  be  burnt  or  severely 
scorched.  Any  cracks  resulting  from  this  or  the  breaking 
of  the  core  when  in  the  mould  allow  the  metal  to 
reach  the  core  bar  and,  of  course,  destroy  it,  even 
if  no  further  trouble  arises.  For  this  reason  such 
cores  require  careful  drying.  There  is  greater 
possibility  of  scorching  when,  as  is  often  the  case,  the  core 
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is  only  dried  by  a  temporary  fire,  instead  of  in  a  stove. 
Unless  properly  attended  to  and  moved  as  drying  goes  on, 
parts  longest  exposed  to  the  fire  may  be  scorched  or  com- 
pletely burnt  out.  This  will  probably  not  show  unless  the 
damage  is  extensive,  and  portions  of  the  core  a  foot  or 
more  in  length  may  be  completely  burnt  out.  Such  a 
core  is  quite  useless,  although  the  rest  may  be  in  proper 
condition .  A  slight  scorching  of  the  whole  core  would  be 
less  harmful. 

These  remarks  apply  equally  to  the  use  of  hay  and 
straw  in  the  loose  condition  as  applied  to  the  surfaces  of 
core  barrels,  the  diameter  of  which  is  too  large  to  allow 
of  the  use  of  a  single  thickness  of  hay  band.  In  general, 
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FIG.  120.— TYPES  OF  CORK  BARRKLS. 

they  are  probably  more  liable  to  faults  of  this  kind,  as  the 
thickness  of  the  layer  is  not  uniform,  and  the  hay  may 
come  nearer  the  surface  in  some  parts  than  others, 
especially  if  straggling  straws  are  not  removed. 

Hay  band  may  be  made  by  hand,  a  labourer  being 
required  to  turn  the  handle  of  the  spinning  tackle. 
Machines  are  now  largely  used  for  this  purpose  (Fig.  119). 
Such  a  machine  can  turn  out  400  yards  per  hour  with  one 
man  in  attendance.  In  addition  to  the  economy  of  time 
and  labour,  the  quality  of  the  band  is  more  uniform,  and 
its  hardness  can  be  varied  as  required  by  proportioning  the 
speed  of  the  feed  rollers  and  the  revolutions  of  the  frame. 
One  advantage  of  machine-made  rope  is  its  freedom  from 
knots  and  the  fact  that  it  does  not  unwind  when  cut. 
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Straw  ropes  from  fin.  to  IJin.  diam.  can  be  obtained 
ready  made  in  lengths  of  100  yards. 

Fig.  120  shows  different  forms  of  core  barrels.  In  some 
the  barrel  may  rest  while  the  core  is  being  made  on  grooves 
A  turned  in  the  end  of  the  bar.  These  rest  in  a  suitable 
V  in  the  top  of  the  "  horses  "  (Fig.  121).  Holes  on 
opposite  sides  of  the  bar  near  the  end  allow  the  handle 
for  turning  to  be  fixed. 

In  others  a  central  spindle,  suitably  attached  to  the 
sides,  runs  through  the  bar  and  projects  from  the  ends. 
On  this*  the  bar  rests  while  the  core  is  being  made.  One 
end  of  the  projecting  spindle  is  squared  to  fix  a  handle 
on,  or  is  made  into  a  loop  for  the  same  purpose.  Core 
bars  should  revolve  truly  when  making  the  core,  or  the 


FIG.  121.— TRESTLES  FOR  TURNING  CORE  BARRELS. 

thickness  of  material  will  vary  in  different  parts.  This  is 
not  often  strictly  attained  in  practice,  for  core  bars 
originally  straight  often  get  curved  by  the  heat  while  in 
use.  When  much  out  of  truth  it  is  necessary  to  straighten 
them. 

The  horses  or  trestles,  Fig.  121,  should  stand  on  level 
ground  and  be  of  equal  height,  and  may  have  one  or  more 
notches.  These  may  be  of  different  sizes  for  core  bars 
having  grooves  for  journals,  so  as  to  make  the  middle  of  the 
core  always  come  level  with  the  shaping  board. 

When  barrels  with  spindles  are  used,  the  notches  may 
be  all  of  the  same  size,  and  the  barrel  be  placed  in  one 
or  another,  so  as  to  bring  its  surface  in  a  convenient 
position  for  working.  With  heavy  cores,  they  may  be 
placed  on  a  trolley  ready  for  removal  to  the  oven.  In 
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some  foundries  the  trestles  are  fitted  up  as  a  permanent 
bench,  a  single  notch  being  provided  for  the  spindle  of 
the  barrel  to  rest  on,  and  the  accuracy  of  the  core  is 
insured  by  screw  attachments  fixed  to  the  trestles,  so 
that  both  ends  of  the  shaping  boards  can  be  moved  for- 
ward by  exactly  the  amount  required. 

As  already  stated,  the  hay  rope  is  charred  or  burnt  by 
the  hot  metal.  This  allows  the  cooling  metal  to  contract 
without  fracture,  and  the  core  barrel  to  be  drawn. 
The  larger  the  diameter  of  the  casting  the  more 
difficult  this  becomes,  owing  to  the  greater  contraction, 
and  it  becomes  necessary  to  draw  the  barrel  as  soon  as 
practicable,  or  it  may  be  held  forcibly  by  the  metal,  even 
if  fracture  does  not  occur.  The  actual  amount  of  charred 
porous  material  required  to  prevent  this  is  not  great. 
In  general,  a  single  layer  of  hay  band  is  sufficient,  and 
where  the  diameter  is  uniform,  and  a  core  barrel  of  suitable 
diameter  is  available,  it  is  all  that  is  necessary.  More  is  in 
fact  rather  harmful  than  otherwise,  causing  the  core 
to  be  loose  on  the  barrel  if  the  hay  or  straw  be  charred 
in  drying.  Where  the  core  bars  are  too  thin  it  is 
necessary  to  increase  the  diameter  by  winding  on  hay 
rope  till  of  the  desired  diameter.  Portions  of  a  core 
of  enlarged  diameter  have  to  be  built  up  in  the  same  way, 
as  also  have  cores  where  the  opening  through  which  the 
barrel  is  finally  drawn  is  of  less  diameter  than  the  core 
itself. 

To  build  up  such  a  core  of  hay  band  and  loam  without 
other  support  and  stiffening,  is  likely  to  result  in  the  pro- 
duction of  "baggy  "cores — a  common  method  of  describing 
cores  that  become  loose  on  the  barrel  during  drying,  owing 
to  the  contraction  and  charring  of  the  greater  thickness 
of  hay  band.  With  bad  work  this  is  very  pronounced. 
With  such  cores  the  castings  are  thinner  on  the  top  than 
the  bottom  if  cast  horizontally.  This  is  caused  by  the 
whole  body  of  the  core  being  raised  by  the  metal  when  the 
mould  is  cast,  although  the  core  bar  may  have  stayed  in 
place.  Moreover,  badly -made  cores  are  apt  to  dry  un- 
equally, and  in  drying  out  there  is  a  likelihood  of  charring. 
Differences  of  from  |in.  to  Jin.  in  the  thickness  of  the 
casting  may  result  in  this  way  from  apparently  well-made 
cores.  It  is  obviously  of  advantage  to  use  core  bars  as 
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large  as  possible,  greater  accuracy  and  economy  of  labour 
being  secured. 

Where  the  use  of  core  bars  too  small  for  the  purpose 
cannot  be  avoided,  the  support  of  the  hay  band  is  assisted 
by  thin  cast  iron  plates,  fixed  on  the  bar  by  wedges  all 
driven  in  one  way  at  suitable  intervals.  These  plates, 
Fig.  122,  are  a  little  less  in  diameter  than  the  core,  are  made 
light,  and  are  perforated  so  as  to  be  easily  broken. 
If  of  large  size,  bars  are  threaded  through  holes  in 
the  plates,  -and  also  wedged  or  otherwise  fastened 
to  prevent  them  buckling.  These  are  arranged 
so  as  to  come  opposite  holes  in  the  end  of  the 
casting,  through  which  they  can  be  removed.  They 
are  put  in  place  when  the  last  layer  of  hay  rope  is  being 
wound  on.  The  sections  are  separately  filled  with  hay 


FIG.  122. 

band,  and  the  plates  stayed  as  the  spaces  are  filled.  In 
this  way  a  much  firmer  foundation  is  made  for  receiving 
the  loam,  as  the  plates  prevent  the  hay  rope  spreading 
when  pulled  hard  in  winding  on. 

In  all  cases  the  rope  should  be  tightly  pulled  while 
winding  and  laid  on  as  close  as  possible.  The  end  should 
be  passed  through  two  of  the  holes  in  the  barrel,  and 
fastened  with  wire.  If  more  than  one  thickness  is  put 
on,  the  rope  should  be  hammered  with  a  mallet  as 
wound  to  take  the  stretch  out  of  it. 

Broken  ropes  should  be  neatly  spliced,  and  not  tied, 
so  as  not  to  interfere  with  the  thickness.  The  end  is 
fastened  by  nails  to  the  layers  underneath. 

After  the  first  layer  has  been  wound  on,  stiff,  tough 
loam  must  be  worked  over  and  into  the  interstices  of  the 
rope,  so  as  to  obtain  good  adhesion  and  a  firm  bed  for  the 
succeeding  layer.  This  is  continued  till  the  necessary 
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thickness  has  been  reached.  With  many  layers,  although 
necessary,  this  makes  the  core  difficult  to  dry,  and  it  is 
better  to  put  the  core  in  the  stove  after  adding  one  or  two 
thicknesses  of  rope  with  the  loam  filling.  This, 
although  occupying  a  longer  time,  insures  better  drying 
without  the  risk  of  overheating :  and  being  dried 
through  at  a  lower  temperature  a  much  more  reliable  core 
is  obtained.  While  winding,  the  sweep  should  be  used  as  a 
guide  and  kept  back  at  each  winding  by  a  suitable  amount. 
In  daubing  on  the  loam,  every  care  must  be  taken  to 
insure  the  filling  up  of  cavities.  Some  coremakers  use 
a  wooden  brick  with  a  slightly  rounded  face  to  press 
against  the  core  while  being  turned,  and  lay  a  rod  on  the 
surface  and  press  it  between  the  rope,  after  which  the 
crevices  are  filled  up  with  stiff  loam.  This  is  continued 
till  the  core  is  within  Jin.  to  1  Jin.  of  the  required  diameter. 
The  second  coat  of  loam  is  then  applied.  It  should  be  as 
stiff  as  it  can  be  put  on  and  swept  up.  The  core  is 
then  dried  in  the  oven. 

When  the  core  is  taken  from  the  oven,  the  surface  is 
roughened  and  any  soot  removed  by  card  wire  or  by  a 
brick  rubbed  over  it.  This  is  done  in  order  to  secure 
adherence  of  the  finishing  coat  ;  soot  would  act  as  a 
parting.  It  is  then  brushed  over  or  sprayed  with  water  to 
damp  it  just  before  putting  on  the  finishing  coat. 

The  fine  loam  for  finishing  is  put  through  an  Jin. 
sieve,  and  well  mixed  to  get  it  uniformly  wet.  It  is 
tougher  if  left  to  stand  for  some  days  after  sifting  before 
mixing.  This  is  applied  in  uniform  layers,  moving  the 
board  back  as  each  layer  is  completed  while  the  barrel 
is  turning.  By  doing  this,  marks  and  adherent  loam  are 
avoided.  A  thinner  layer  is  put  on  as  the  proper  diameter 
is  approached.  Two  layers  will  in  most  cases  complete 
the  core,  and  produce  a  better  result  than  if  more  are 
required.  The  loam  for  "  skinning  up  "is  slightly  thinned 
with  water.  Turning  should  be  slow,  but  in  finishing 
may  be  quickened  a  little.  Any  roughness  may  be 
removed  with  the  smooth  wood  block  already  referred  to, 
and  water  and  thin  loam.  After  damping,  this  loam  is 
applied,  and  they  are  rubbed  till  smooth. 

The  board  is  placed  so  that  the  core  is  always  turned 
towards  the  bevel  and  never  towards  the  sharp  edge. 
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It  is  an  advantage,  if  possible,  to  continue  the  turning 
slowly  till  the  loam  has  set,  so  as  to  avoid  sagging.  This 
is  especially  necessary  when  thicker  coats  of  loam  are 
applied,  when  the  loam  is  not  stiff  enough,  or  where  much 
water  has  been  added  in  the  finishing  coat.  In  such 
cases,  whether  the  hay  band  sags  or  not,  there  is  a  ten- 
dency for  the  loam  itself  to  creep  downwards  and  make 
the  core  not  round. 

In  repetition  work,  especially  that  of  large  diameter, 
cores  of  this  class  are  too  expensive,  the  cost  of  the  hay 
band  and  the  labour  being  too  great.  Core  barrels 
nearly  the  size  of  the  intended  core  are  employed,  requiring 
only  fin.  to  lin.  of  loam  on  the  bare  core  barrel. 


A  B  C 

FIG.  123.— METHODS  OF  FIXING  CORE  BARREL  SEGMENTS. 

Collapsible  Core  Barrels  are  used  where  the  coating  of 
loam  is  small,  and  where  there  is  liability  to  fracture  from 
contraction,  and  also  where  the  casting  is  liable  to  contract 
upon  and  hold  the  core  bar  strongly,  preventing  its 
removal.  If  the  diameter  of  the  barrel  can  be  reduced 
while  in  the  casting,  it  is  readily  released. 

Such  barrels  are  generally  divided  in  three  sections, 
lengthwise,  and  the  parts  hinged  upon  each  other  or 
united  by  flanges  in  such  fashion  that  they  can,  when 
required,  be  caused  to  fold  or  fall  inwards,  or  have  the 
diameter  reduced  by  the  sliding  of  a  section  of  the  bar. 
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When  in  use,  the  sections  are  fixed  in  place  by  plates, 
wedges,  cams,  or  by  other  devices. 

Fig.  123  shows  some  methods  of  fixing  the  segments. 
In  A  the  segments  are  fixed  by  the  plate  a  fitting  on  pins 
b  cast  in  and  projecting  from  the  ends  of  the  segments. 
These  pins  are  slotted  for,  and  the  plate  is  secured  by  the 
cotters  c.  In  other  similar  bars  the  two  end  plates  are 
held  in  place  by  a  bar  passing  through  the  plates  and  down 
the  middle  of  the  core  barrel.  The  bar  is  slotted  near  the 
end,  and  cotters  are  employed  to  keep  the  plates  in  place 
as  in  B.  When  the  plates  are  drawn  back  the  hinged 
sections  can  fall  inward  from  e  and  release  the  bar. 

In  B  the  segments  are  held  in  place  by  triangular 
wedges  a,  which  when  in  position  press  upon  projection 
b  inside  the  barrel,  and  press  the  segments  apart.  They  are 
kept  in  position  by  the  bar  d  and  cotters  c.  The  link  / 
is  sometimes  added  and  cottered  to  secure  it  in  place. 

C  is  a  method  adopted  in  very  wide  core  barrels.  The 
three  sections  are  not  all  of  the  same  size  and  shape. 
Two,  b  and  c,  are  similar  in  shape,  and  are  hinged  together  as 
shown.  The  third  segment  a  is  wedge-shaped,  and 
wider  at  one  end  than  the  other.  Down  the  edges  of  this 
section,  and  also  down  the  edges  of  the  other  sections 
against  which  it  rests  in  contact,  are  ribs  with  slots  corre- 
sponding to  each  other.  Bolts  passing  through  these 
slots  hold  the  sections  together  in  sliding  contact,  and 
permit  the  wedge-shaped  section  to  be  pushed  in  or 
drawn  out.  When  it  is  forced  home  it  expands  the  barrel 
to  its  proper  diameter,  and  is  held  in  position  by  wedges, 
or  by  pins  in  holes  through  the  flanges  near  the  end. 
When  pulled  out  the  bar  is  loosened,  and  is  then  readily 
removed. 

Various  other  devices  of  a  similar  character  are  in  use. 
In  some  cases  the  hinges  of  the  parts  are  so  made  that 
the  sections  can  be  separated  when  relieved,  and  taken 
out  separately.  When  the  opening  through  which  this 
is  done  is  smaller  than  the  diameter  of  the  barrel  it  is 
often  an  advantage.  Collapsible  bars  are,  of  course,  full 
of  vent  holes,  and  the  surface,  as  in  other  cases,  is  left 
rough  to  retain  the  loam. 
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CORE  VENTING  AND  SUPPORTS  FOR  CORE. 

Core  barrels  in  continuous  use  are  liable  to  become  bent. 
This  arises  from  two  causes.  When  cast  on  their  sides 
there  is  always  some  possibility  of  the  metal  at  the  top  of 
the  casting  not  being  of  the  same  density  as  that  on  the 
bottom,  due  partly  to  the  metal  itself,  partly  to  unsound- 
ness,  and  partly  to  unequal  thickness  of  the  wall.  Core- 
barrels  cast  vertically  (a  more  difficult  matter)  do  not 
suffer  from  this  fault. 

The  other  cause  is  the  effect  on  the  bars  of  the  hot 
metal.  When  used  horizontally,  the  upper  side  is  cooled 
first,  and  thus  contracts  first.  Core  bars  should  therefore 
not  be  always  placed  in  the  same  position  in  the  mould. 


FIG.  124.— CASTING  FROM  PATTERN  SHOWN  IN  FIG.  125. 

It  is  possible  for  a  core  bar  to  become  so  bent  that  it  is 
difficult  to  make  a  satisfactory  core  on  it.  A  long  bar 
may  become  as  much  as  2in.  hollow  in  the  middle. 

To  straighten  them,  they  are  sometimes  laid  with  the 
concave  side  up,  resting  on  a  piece  of  iron  in  the  centre, 
and  well  hammered  with  small  hammers,  starting  from 
the  centre,  and  going  outwards  towards  both  ends,  first 
on  the  top  and  then  on  the  sides.  If  the  metal  is  soft,  the 
riveting  effect  of  the  blows  spreads  the  metal  and  the 
extension  forces  it  straight.  After  further  use  the  treat- 
ment will  probably  have  to  be  repeated,  and  finally  the 
metal  may  fail  to  respond  to  the  hammering,  and  the 
bar  must  either  be  rejected  or  mended  by  burning. 
This  will  be  dealt  with  later. 
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Venting  Cores. — The  general  principles  of  venting 
have  been  already  considered.  Cores  present,  however, 
some  special  features.  In  general,  they  are  more  or  less 
completely  surrounded  by  metal,  and  frequently  are  only 
connected  with  the  main  body  of  the  mould  at  one  or 
two  points. 

For  this  reason  it  is  absolutely  necessary  that,  first, 
free  communication  with  the  air  shall  be  established 
through  these  points,  and,  second,  the  gases  in  the  core 
shall  be  able  to  move  towards  the  vents  more  freely  than 
in  any  other  direction,  otherwise  they  may  escape  from 
the  surface  of  the  core  into  the  metal,  and  produce  blow- 
holes. It  is  often  the  failure  to  regard  this  latter  condition 
that  blowholes  are  so  commonly  found  in  the  vicinity 
of  cores.  It  is  further  to  be  borne  in  mind  that  the  amount 
of  gas  escaping  from  cores  surrounded  by  metal,  is  greater 


Fiu.  1-25.— PATTERN  FOR  CASTING  SHOWN  IN  Fir;.  1-21. 

than  from  a  corresponding  bulk  of  sand  in  the  mould 
mass,  because,  in  the  latter  case,  the  gases  produced  and 
expanded  by  the  heat  from  the  metal  are  cooled  in  passing 
through  the  body  of  sand  behind,  thus  reducing  the 
volume  of  gas  which  actually  escapes.  What  does 
escape  is  largely  produced  by  the  decomposition  and 
burning  of  the  coal  dust  and  organic  matter  in  the  mould- 
ing material.  With  cores,  however,  the  effect  of  the  heat 
is  more  sudden  and  extends  practically  through  the  mass, 
so  that  little  or  no  cooling  effect  is  possible. 

As  a  result,  the  expanded  air  in  the  core  material 
must  be  conducted  away  without  passing  into  the  mould 
cavity.  Thus  a  further  set  of  reasons  is  provided  for 
exercising  care  in  the  selection  and  mixing  of  core  sands. 
Openness  of  texture  (grain)  means  including  a  greater 
volume  of  air  to  be  expanded,  and  also  makes  it  easier 
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for  the  gases  to  move  about  in  any  direction  in  the  core — 
outwards  into  the  mould,  as  well  as  towards  the  vents. 

Much  organic  matter — horse-dung,  sawdust,  hay,  or 
other  substances,  which  become  charred  or  burnt — gene- 
rates more  gas.  The  purpose  they  serve  in  making  cores 
compressible  has  been  already  referred  to,  and  the  con- 
traction that  takes  place  on  drying  does  assist  the  venting. 

The  problem  therefore  resolves  itself  primarily  into 
making  the  communication  with  the  air  free,  the  interior  of 
the  core  porous  and  open,  and  the  very  outside  of  the  core 
close.  This  may  be  only  a  skin,  as  of  blacking,  but 
it  makes  it  more  difficult  for  the  gases  to  pass  outward 
into  the  mould,  and  easier  to  pass  backward  to  the  vent. 

The  interior  of  large  cores  is  generally  made  porous 
by  filling  it  up  with  engine  ashes,  or  cinders,  small  coke, 
or  similar  substances,  on  the  same  principle  as  putting 
a  cinder  bed  under  a  mould.  Like  it.  good  communica- 
tion must  be  established  with  the  outside  of  the 
mould  by  a  pipe  or  pipes.  From  the  considerations  given 
above,  it  will  be  seen  that  such  materials  form  the  best 
possible  venting  for  cores,  and  should  the  molten  metal 
by  accident  find  access  to  the  interior,  it  cannot  do 
much  harm  unless  it  chokes  the  vent.  Such  cores  are 
also  easier  to  dry.  Care  must  be  taken  to  make  the  sand  wall 
of  the  core  thick  enough  and  to  so  dispose  the  ashes  as 
not  to  weaken  the  core.  There  must  be  no  separated 
bodies  of  ashes  without  separate  vents  or  communication 
by  pipes  with  other  bodies  properly  vented. 

They  must  not  come  too  near  the  surface,  or  the  core 
may  crack  at  that  point  due  to  the  unequal  expansion 
caused  by  the  thinner  coating  of  core  sand  getting  hot 
more  quickly.  Such  cracks  may  cause  the  face  of  the 
core  to  break  off  or  merely  form  vents  into  the  mould 
offering  less  resistance  than  the  proper  outlet.  In  bad 
cases,  the  metal  may  enter  the  core,  close  the  vents, 
and  spoil  the  casting.  With  very  open  and  weak 
sand,  a  thickness  of  2in.  to  2Jin.  of  the  core  on  the 
face  is  sufficient,  but  with  close  sand  lin.  to  1  Jin.  is  quite 
enough  for  all  but  extensive  surfaces.  Obviously,  the 
larger  the  separate  surfaces,  the  thicker  the  sand  walls 
must  be.  Very  large  surfaces  would  have  wralls  Sin.  to 
3 Jin.  thick.  Channels  leading  from  the  body  of  ashes 
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open  into  the  air.  These  are  usually  made  of  suitable 
lengths  of  cast  or  wrought  iron  piping,  one  end  of  which 
rests  in  the  ashes  and  the  other  projects  from  the  mould. 
The  open  end  is  generally  stopped  with  a  plug  of  hay.  This 
prevents  the  accidental  ignition  of  gases  that  may  collect  in 
the  cavities  inside  the  core,  which  by  their  explosion  may 
destroy  the  core,  as  has  already  been  alluded  to  in  venting 
moulds.  It  is  an  excellent  plan  to  put  one  or  two  pieces 
of  fine  wire  (30-mesh)  gauze  over  the  bottom  of  the  pipe 
and  in  the  pipe,  on  the  principle  of  the  safety  lamp. 
In  bringing  up  large  vents  from  deep  moulds  and  inverted 
hollow  cores,  the  same  precaution  may  be  adopted. 
The  danger  of  explosion  is  much  reduced.  The  size  of 
pipe  necessary  varies  with  the  volume  of  the  core,  tem- 
perature of  metal,  thickness  of  wall,  &c.,  as  these  influence 
the  rapidity  with  which  gases  are  formed  and  expand. 
Speaking  generally,  the  vent  should  be  made  as  large  as 


FIG.  126.— STOPPING-OVER  BOARD. 

possible.  It  is  a  bad  practice  to  attempt  to  make  the 
vents  small.  In  selecting  pipes  many  moulders  forget 
that  the  area  of  a  pipe  varies  as  the  square  of  the  dia- 
meter, and  that  a  pipe  half  the  diameter  has  only  quarter 
the  size  of  aperture.  When  it  is  difficult  to  find  a  suitable 
position  for  the  vent  pipes,  special  holes  may  have  to  be 
made  in  the  casting.  These  are  afterwards  filled  in  with 
screwed  plugs.  This  should,  of  course,  be  avoided  wherever 
possible,  but  in  coring  out  castings  for  the  purpose  of 
lightening  them,  and  also  to  obtain  an  equal  thickness 
of  metal  over  all  its  parts,  it  frequently  happens  that  the 
removal  of  the  core  is  not  important,  and  so  little  atten- 
tion is  paid  to  it  that  no  provision  is  made  even  for 
venting.  In  this  case  holes,  to  be  afterwards  plugged, 
are  the  only  way  of  meeting  the  difficulty.  Such  holes 
should  only  be  made  after  consultation  with  the  draughts- 
man, so  that  they  may  be  so  placed  as  not  to  weaken  any 
part  required  to  be  strong.  The  edges  of  such  holes 
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must  be  made  thick  enough  to  allow  a  plug  to  be  screwed 
in  far  enough  to  get  a  good  hold.  This  can  be  done  by 
making  a  hollow  in  the  core  round  the  vent  pipe.  The 
size  will  depend  on  the  size  of  the  core,  and  may  be  from 
2in.  to  4in.  in  diameter.  In  some  castings  more  than 
one  hole  may  be  necessary,  and  it  is  better  to  have  a  hole 
too  many  than  a  spoilt  casting,  although  naturally  the 
machinists  would  prefer  to  have  as  few  as  possible.  The 
pipe  must  be  covered  with  a  thin  coat  of  loam  where  it 
passes  through  the  casting,  so  that  it  can  be  readily 
removed.  If  properly  treated,  it  will  not  cause  blowholes. 

The  ignition  and  burning  of  the  gases  takes  place 
quietly  when  properly  managed,  a  blue  flame  issuing 
from  the  mouth  of  the  vent  pipes. 

Venting  the  cores  in  shell  patterns,  i.e.,  a,  pattern  which 
is  the  exact  form  of  the  casting  required,  inside  and 
out,  the  cores  being  made  by  ramming  them  up  inside  the 
pattern  itself — may  be  effected  in  the  same  way  as 
moulds,  or  partly  as  moulds  and  partly  as  cores,  accord- 
ing to  circumstances. 

Small  cores  are  vented  by  passages  running  the  length 
of  the  core,  which  deliver  the  gases  at  the  points  of  sup- 
port, provision  being  made  for  them  to  get  readily  away. 
In  hand-rammed  cores  a  rod  is  laid  in  the  core  while 
ramming  and  withdrawn  before  opening  the  core  box. 
With  machine-made  cores,  this  vent  opening  is  made 
continuously. 

With  larger  cores  more  than  one  vent  rod  may  be 
used,  the  rods  being  disposed  so  as  to  most  effectively 
insure  the  removal  of  the  gases.  The  vent  wire  is  used 
freely.  The  observations  made  about  venting  moulds 
apply  to  cores  also,  but  with  greater  force.  The  thickness 
of  sand  through  which  the  gas  can  freely  pass  in  a  dry- 
sand  core  is  generally  greater  than  with  green-sand 
moulds,  as  the  core  is  dry,  and  the  sand  generally  less 
cohesive.  So  that  with  heavy  castings,  and  cores  not 
completely  surrounded  by  metal,  the  sand  wall  is  often 
from  1  Jin.  to  2 Jin.  thick.  The  vents  must  be  kept  open. 
This  is  even  more  important  than  with  moulds,  as  should 
they  be  closed  by  the  entrance  of  metal  the  escape  of 
the  gas  into  the  mould  and  the  production  of  a  blown 
casting  is  inevitable.  This  is  due  to  the  isolated  character 
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of  the  core.  The  venting  of  straight  cores  res  ting  in  prints  or 
on  the  bottom  is  thus  easily  done.  Frequently  very  small 
cores  are  left  without  vents,  as,  for  example,  those  used 
in  coring  out  holes  in  flanges  and  snugs,  the  moulder 
relying  on  the  general  venting  of  the  mould  to  carry  off 


FIG.  127. — METHOD  OF  SECURING  SMALL  CORES  ON  SIIKLL  PATTERNS. 

the  gases.  Whether  they  pass  away  or  not  depends  on 
the  sand  and  conditions  of  moulding.  The  formation  of 
blowholes  in  such  parts  is  a  common  occurrence,  necessi- 
tating the  burning  on  of  the  faulty  part  afterwards. 
There  is  least  danger  of  blowholes  being  present  with 
a  sufficient  body  of  hot  metal.  Thin,  light  castings  and 


CORES   AND    CORE    MAKING.  257 

cooler  and  less-fluid  metal  favour  the  production  of  such 
blowholes,  the  stiff  metal  preventing  the  gas  from  escap- 
ing. They  are  more  commonly  associated  with  cores 
in  the  upper  part  of  the  casting  than  withjthose  lower 
down.  This  is  not  due  to  the  fact  that  the  gas  from  the 
lower  cores  did  not  escape  into  the  mould  but  rather  to 
its  being  carried  upwards  as  the  mould  is  filled.  Near  the 
top  this  does  not  happen,  and  blowholes  result.  Side 
and  bottom  run  moulds  are  more  liable  to  fault  from  this 
cause  than  moulds  run  from  the  top. 

Of  course,  moisture  in  the  core,  whether  from  being 
used  green  or  absorbed  from  the  mould  on  long  standing — 
not  an  uncommon  fault — will  seriously  interfere  with  the 
venting  and  increase  the  trouble. 

Small  curved  cores  are  vented  by  ramming  up  a  string, 
cord,  or  rope  in  the  core,  and  either  withdrawing  it 
before  the  core  is  dried  or  heating  it  sufficiently  to  char 
it,  and  blowing  out  the  residue  with  bellows.  In  the 
former  case,  short  pieces  of  wire  are  rammed  up  in  the  core 
at  the  angles,  so  that  in  pulling  it  out  it  will  not  cut 
through  and  destroy  the  core.  This  is  often  a  difficult 
matter.  In  withdrawing  the  string  the  angle  may  be 
made  so  thin  that  the  metal  breaks  through  and  closes 
the  vent.  To  avoid  this,  tapers  and  flexible  wax  vent 
wicks  are  employed.  The  latter  consist  of  a  cotton  core 
surrounded  by  a  wax  that  is  readily  removed  in  drying 
the  core.  They  are  made  in  various  diameters  from 
Tyn.  upwards,  and  if  properly  used  insure  perfect  venting. 
The  cotton  may  be  removed  or  left  in. 

Some  core  makers  vent  such  cores  with  rods.  These 
are  laid  so  as  to  cross  each  other  at  the  bends.  When 
withdrawn,  the  core  is  dried,  the  angles  are  filed  down 
so  as  to  make  a  regular  channel,  a  string  passed  through, 
and  the  holes  made  good  by  daubing  with  loam,  the  core 
again  dried,  and  the  string  pulled  out. 

Larger  cores  are  vented  in  a  different  manner.  Large 
green-sand  cores  are  vented  with  ashes,  as  stated  above, 
and  in  loam  cores  on  barrels  the  drying  and  contraction 
of  the  hay  band  or  other  material  creates  a  means  of 
communication  to  the  hollow  barrel  in  the  centre. 

In  placing  cores  in  moulds,  the  vents  must  be  left 
clear  so  that  the  gas  can  get  away.  If  the  vent  be  choked, 
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the  core  will  cause  blowholes.  This  is  especially  the  case 
where  the  core  is  surrounded  by  metal.  When  the  metal 
finds  its  way  into  the  vents  either  through  the  shifting  of 
the  core,  imperfect  or  improper  placing  and  support, 
the  flame  at  the  vent  changes  from  blue  to  an  orange 
colour.  This  is  due  to  the  escaping  gas  being  made 
hotter  by  direct  contact  with  the  fluid  metal. 

Position  of  Vents. — Cores  supported  in  side  prints  or  at 
both  ends  offer  little  trouble.  The  gas  comes  off  at  the 
prints,  and  is  easily  led  away.  Those  resting  on  the  bottom 
must  be  vented  downwards.  For  this  purpose,  one  or 
more  pipes,  2in.  to  3in.  in  diameter,  pass  down  to  the 
cinder  bed.  A  pipe  Sin.  in  diameter  every  3ft.  or  4ft.  is 
sufficient,  pipes  rising  from  the  bed  to  the  surface  at  such 
points  being  also  provided.  Green  or  dry  sand  cores  so 
situated  would  usually  require  to  be  held  down  by  studs  or 
chaplets.  Loam  cores  could  be  bolted  down.  Cores  are 
best  vented  at  the  top  of  the  mould,  the  vent  pipes  being 
brought  through  the  cope.  Cores  of  any  considerable 
size  supported  at  the  side  should  be  bolted  up  or  otherwise 
supported  from  the  core  iron,  so  that  the  continuity  of 
the  venting  passage  is  not  interfered  with.  When  a 
core  is  supported  by  another  at  one  end,  keeping  that  end 
of  the  vent  open  is  almost  impossible.  In  such  a  case  it 
should  be  securely  stopped  before  putting  the  core  in  place, 
as  the  escape  of  gas  from  the  vent  is  certain  to  produce 
an  unsound  place.  It  often  happens  that  in  such  cases 
the  body  of  metal  in  the  vicinity  is  small.  Steam-passage 
cores  are  often  troublesome  at  the  cylinder  end  from  this 
cause. 

Securing  Vents — Whenever  metal  blocks  the  vents 
of  a  core,  a  bad  casting  results.  For  this  reason  a  core 
must  fit  in  its  prints  and  the  entrance  of  metal  be  thus 
prevented.  With  other  cores  it  is  prevented  by  carefully 
cementing  them  where  they  are  attached  to  the 
mould.  Wet  loam  and  careful  packing  with  sand 
are  the  means  employed.  Careful  ramming  of  the  core 
round  the  tube  that  brings  off  the  gas  is  also  done. 

Supporting  Cores  in  Moulds. — Cores  are  generally  set  in 
cavities  or  impressions — core  prints — left  by  the  pat- 
tern, to  insure  them  resting  in  the  proper  position  and 
prevent  them  being  disturbed  when  the  mould  is  moved 
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Or  while  casting.  They  are  made  longer  or  larger  so  as 
to  rest  in  the  print.  With  large  heavy  cores,  prints  are 
not  necessary. 

Usually,  those  resting  on  the  bottom  have  only  one 
print,  unless  they  are  so  long  in  proportion  to  their  width 
as  to  be  unsteady.  Studs  are  used  to  hold  them  down. 
Long  cores  may  have  prints  top  and  bottom,  or  be 
steadied  at  the  top  by  chaplets.  It  is  sometimes  trouble- 
some to  get  the  core  in  the  top  print.  A  round-ended  top 
print  is  much  easier  to  find  than  the  ordinary  print  when 
closing  the  mould. 

Cores  lying  horizontally  may  have  one  or  two  prints. 
Those  whose  axes  lie  in  the  joint  face  have  two, 
one  at  each  end,  but  where  this  is  not  the  case,  only  one 
print  of  an  extended  form  is  provided. 

Such  prints  are  known  as  "  drop  "  or  pocket  prints, 
and  are  arranged  so  that  the  joint  face  of  the  mould  can 
be  conveniently  placed  for  the  withdrawal  of  the  pattern. 

Fig.  124,  p.  251,  from  Aughtie's  "Foundry  Patterns," 
is  a  casting  with  six  equal  and  similar  oval  holes  all  of 
which  are  to  be  made  with  dry-sand  cores.  Fig.  125,  p.  252, 
is  the  pattern.  A  is  the  print  for  the  holes  in  the  part  cast 
horizontally,  and  in  order  that  the  joint  may  be  at 
C  D  one  large  print  B  is  attached  to  the  side  of  the  pattern. 
The  lower  side  of  this  print  has  the  shape  of  the  lower 
half  of  the  holes.  When  the  pattern  is  withdrawn  from 
the  sand,  cores  are  placed  in  the  prints.  On  the  vertical 
side  this  leaves  a  big  space  over  the  inset  of  the  cores. 
A  "stopping-over  board,"  or  "making-up  piece,"  Fig.  126, 
p.  254,  is  placed  against  side  of  mould  with  its  lower 
edge  resting  on  the  cores.  The  space  between  it 
and  the  mould  side  is  then  rammed  up  and  finished. 
In  some  cases,  the  core  is  made  to  completely  fill 
the  print,  in  which  case  no  making  up  is  necessary. 
For  accuracy  this  treatment  is  best.  Prints  should  be  of 
sufficient  size  to  secure  steadiness  of  the  cores  they 
support.  If  too  short,  the  core  may  drop. 

A  novel  method  of  securing  small  cores  at  the  lower 
edge  of  shell  patterns  moulded  open  side  downwards  is 
shown  in  Fig.  127,  p.  256.  The  pattern  is  notched  where 
the  holes  are  required,  to  allow  the  cores  to  be  placed 
in  position.  These  are  made  in  a  tin  casing  which  clips 
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on  the  side  of  the  pattern  for  support.  When  the  mould 
is  made,  the  pressure  of  the  sand  grips  the  core  cases, 
so  that  on  withdrawing  the  pattern  they  are  left  in  position. 
The  metal  flows  round  and  absorbs  the  case.  Similar 
tin  cases  for  carrying  dovetails,  catches,  &c.,  on  stove- 
grate  work  are  also  used. 


G, 


FIG.  128.— FORMS  OF  CHAPLETS. 


Core  prints  for  horizontal  cores  are  cylindrical,  the 
sides  being  parallel.  For  vertical  cores  they  are  tapered. 
Cores  must  be  made  to  fit  the  prints  in  which  they  lie,  and 
may  require  a  little  rubbing  or  filing  to  enable  them  to 
do  this.  The  vent  should  open  at  the  back  of  the  print 
to  the  joint  face. 
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Chaplets. — Many  cores  require  to  be  supported  or  held 
in: place  otherwise  than  merely  at  the  end,  so  that  in 
moving  the  mould  or  in  casting,  the  cores  shall  not  be 
displaced.  Long  cores,  which  have  only  one  print  at 
the  side,  require  supports  at  the  other  end.  Flat  cores, 
under  which  the  metal  must  flow,  must  be  both  supported 
below  and  held  down  above.  For  such  purposes  chaplets 
are  employed.  The  size  and  form  varies  with  the  charac- 
ter of  the  casting. 

A,  Fig.  128,  shows  a  chaplet  nail  used  in  light  green- 
sand   moulds    and   in   pipes   for   obtaining   the   desired 
thickness.     This  is  driven  into  a  wood  block  embedded 
in  the  sand  or  supported  by  sprigs  pushed  diagonally 
into  the  sand.     The  former  method  is  the  better,  as  will 
presently  be  seen. 

B,  C,    D,    are   single,    double,    and   triple   studs   for 
thicknessing    purposes,    and    may    be    used    either    as 
supports    for    the    core    or   when    placed    on  the  core 
under  the  cope,  to  prevent  it  floating  up  when  the  metal 
enters  the  mould.     They  are  made  in  various  sizes,  in- 
creasing by  Jin.  in  height.    For  intermediate  thicknesses, 
the  core  must  be  rubbed  a  little  to  allow  the  plate  to 
sink.     The  exact  thickness  required  on  the  top  of  a  core 
may  be  determined  by  putting  a  bit  of  clay  between  the 
core  and  cope  when  it  is  lowered  for  trial  purposes.     E 
is  a  "  jammer  out  "  for  thicknessing  ;  it  is  made  of  hoop 
iron.     G  is  a  similar  chaplet,  made  in  tin  plate. 

F  is  a  chaplet  for  supporting  round  cores,  as  for  pipes. 
It  may  be  obtained  with  pointed  stem  or  blunt  as  shown. 
The  fullering  of  the  stem  near  the  head  is  to  assist  in  the 
stem  and  metal  amalgamating  properly.  Stock  sizes 
vary  from  -^in.  stems  with  heads  IJin.  by  lin.  to  Jin. 
stems  with  heads  4in.  by  3in.,  and  lengths  from  Sin. 
to  lOin.  The  smallest  are  for  2in.  pipes,  and  the  largest 
for  9in.  and  lOin.  pipes.  -  Larger  chaplets  are  specially 
made  for  bigger  work. 

For  heavy  work,  stronger  studs  are  employed.  These 
are  made  of  malleable  or  cast-iron.  Fig.  129  is  a  cast-iron 
stud  for  holding-down  purposes.  They  must  be  of 
sufficient  size  to  escape  being  melted  when  the  mould  is 
filled,  or  the  core  will  float  up  as  though  no  stud  had  been 
used,  Screw  studs  are  sometimes  used.  In  setting  cast- 
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iron  chaplets,  the  position  selected  must  not  be  in  the  run 
of  metal  entering  from  the  gate,  or  fusion  and  collapse 
will  be  certain.  This  applies  equally  to  ordinary  studs 
and  to  chaplets  specially  cast  for  supporting  some  par- 
ticular job.  The  metal  used  for  the  chaplet  should  be 
rather  less  fusible  than  the  metal  of  the  casting.  Highly 
phosphoric  irons  are  not  suitable. 

Spring  chaplets  are  used  in  steadying  upright  or  nearly 
upright  cores.  They  are  made  of  hoop  steel,  and  are 
held  in  place  by  pressure  on  the  sides. 

The  number  of  chaplets  used  should  be  as  few  as 
possible.  On  the  other  hand,  if  the  chaplets  are  not 
strong  enough  or  a  sufficient  number  be  not  used  they 
may  crush  when  softened  by  the  hot  metal  and  the  casting 
may  be  made  thinner. 


a,  Core  ;  b,  Mould ;  c,  Stud. 
FIG.  129.— CHAPLET  FOR  HEAVY  WORK. 

Despite  all  precautions,  the  mere  fact  of  introducing 
cold  metal  into  the  mould  is  likely  to  produce  blowholes 
and  sponginess  in  the  vicinity  of  the  stem,  so  that  under 
pressure  the  casting  may  leak,  or  on  machining  show  its 
faults.  Further,  the  adhesion  of  the  metal  and  stem 
may  not  be  perfect.  The  honeycombing  may  result 
from  various  causes.  Gases  attach  themselves  to  the 
first  solid  matter  they  come  into  contact  with.  The  chilling 
effect  of  the  chaplet  causes  solidification  to  begin  at  once, 
and  the  jutting  points  of  the  iron  are  exactly  suited  to  the 
retention  of  the  gas  bubbles.  This  can  only  be  obviated 
by  allowing  the  metal  to  run  past  the  chaplets  and  sweep 
the^gases  on,  but  how  far  this  is  possible  depends  on  the 
strength  of  the  chaplets  and  the  material  of  which  they  are 
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made.  This  chilling  effect  is  generally  overlooked,  and 
the  fault  attributed  to  other  causes. 

The  number  of  chaplets  may  sometimes  be  reduced 
by  placing  small  iron  plates  in  the  mould  against  which 
they  rest.  These  are  covered  with  blacking,  and  some- 
times a  little  thin  loam  wash.  Greater  resistance  is  thus 
obtained  and  fewer  chaplets  are  necessary.  This  cannot 
be  easily  done  in  green-sand  moulds. 

To  counteract  the  porosity  it  is  usual  to  increase  the 
thickness  of  metal  where  the  chaplet  stem  passes  through 
the  casting.  In  so  far  as  the  increased  volume  of  metal 
will  keep  hot  longer  and  possibly  allow  the  gas  to  get 
away,  this  serves  its  end.  For  a  similar  reason,  bottom 
chaplets  are  less  likely  to  blow  than  those  in  the  top  of 
the  mould.  The  longer  time  the  metal  keeps  hot,  the 
greater  amount  of  movement  and  the  increased  pressure 
all  promote  the  removal  of  the  gas.  Similarly,  flow  gates 
properly  placed  help  to  clear  the  chaplets  on  the  top  of  a 
mould. 

Apart  from  the  effect  of  the  solid  matter,  other  causes 
tend  to  produce  unsoundness.  Rust  on  chaplets  is 
a  frequent  cause  of  blowholes.  A  single  grain  weight  of 
iron  rust,  strange  as  it  may  appear,  is  capable  of  producing 
at  the  casting  temperature  more  than  6  cub.  in.  of  gas 
at  atmospheric  pressure.  This  is  due  to  the  moisture 
expelled  from  the  rust,  and  accounts  for  the  manner  in 
which  molten  iron  splashes  when  stirred  with  a  rusty 
rod.  The  necessity  of  having  chaplets  perfectly  free  from 
rust  is  quite  clear.  Moisture  similarly  produces  an  im- 
mense volume  of  gas.  A  grain  of  water  will,  at  the  casting 
temperature,  occupy  either  as  steam  or  as  gas  resulting 
from  the  action  of  the  hot  iron  upon  it,  nearly  24  cub.  in. 
For  these  reasons  every  precaution  is  taken  to  keep 
chaplets  clean  and  free  from  moisture. 

Bright  iron  rusts  very  readily  in  the  atmosphere  of  the 
foundry.  Moisture,  carbonic  acid  gas,  and  oxygen  are  all 
necessary  to  cause  the  beginning  of  the  rusting,  and  are 
found  plentifully  in  the  air  of  the  foundry.  Cold  metallic 
surfaces  readily  cause  moisture  to  deposit.  A  piece  of 
cold  iron  brought  into  the  foundry  will  have  a  film  of 
moisture  deposited  on  its  surface,  and  the  carbonic  acid 
and  oxygen  soon  produce  rust.  Once  started,  it  continues. 
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The  exact  process  of  rusting  is  too  long  a  subject  for  dis- 
cussion here,  but  it  must  suffice  to  say  that  steps  should 
be  taken  to  prevent  the  rusting  from  beginning.  The 
black  scale  on  forged  chaplets  is  a  protection  from  rust. 
Exclusion  of  moisture  and  air  prevents  rusting. 

If  left  in  a  damp  mould  a  long  time  before  casting, 
chaplets  are  almost  certain  to  become  more  or  less  rusty. 
They  should  be  heated  berore  being  put  in  place,  but 
allowed  to  cool  down  to  the  mould  temperature,  as,  in 
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FIG.  L31. 


the  mould,  even  if  warm  they  cool  faster  than  the  sand, 
and  the  moisture  which  the  heat  has  caused  to  be  taken 
up  may  be  deposited  on  the  surface  of  the  chaplet.  This 
is  true  of  forged  chaplets  as  well  as  others. 

Stock  chaplets  are  tinned  to  avoid  rust.  They  should 
be  kept  in  a  warm  place  in  the  store  so  that  when  taken 
into  the  foundry  no  moisture  deposits. 

Larger  chaplets  should  be  made  bright  while  warm. 
When  rust  is  heated  the  moisture  it  contains  is  driven 
off,  and  a  red  or  black  film,  according  to  the  temperature 
attained,  is  left.  This  film  is  harmless  so  far  as  giving 
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off  gas  is  concerned.  It,  however,  is  liable  to  prevent  the 
chaplet  stem  being  properly  melted  into  the  casting. 
This  would  not  occur  with  hot  and  very  grey  irons. 

Chaplets  are  also  treated  with  various  substances  to 
protect  them.  Oil,  red  oxide  paint,  turpentine  and  red  lead, 
thin  shellac  varnish,  tar  or  Angus  Smith's  anti-rust  com- 
pound, black  lead,  dry  or  in  turps  and  chalk,  are  all  used  to 
prevent  deposition  of  moisture  and  rusting  in  the  mould. 
Some  moulders  use  the  oilcan  freely  over  and  round  chaplets . 

These  may  serve  the  purpose  of  preventing  rust,  but 
it  must  be  remembered  that  all  organic  bodies  (to  which 
class  all  but  chalk,  red  lead,  and  graphite  belong)  are 
decomposed  by  heat  and  produce  a  large  amount  of  gas, 
so  that  the  casting  may  be  worse  blown  than  if  none  had 
been  used.  Much  care  must  be  exercised  in  using  them. 
Red  lead  and  turpentine,  mixed  with  a]  little  raw  oil 
or  thin  coloured  shellac  varnish,  are  good.  The  evapora- 
tion of  the  turpentine  and  spirit  reduces  the  amount  of 
the  dress  left  on  the  chaplet,  and  the  colour  enables  it  to 
be  seen  whether  it  is  covered. 

Methods  of  Making  Cores.— As  has  already  been  pointed 
out,  cores  may  be— 

(1)  Left  by  the  pattern  in  moulding    remaining  in 
position  when  the  pattern  is  drawn. 

(2)  Made  in  boxes  and  placed  in  position. 

(3)  Made    in    loam    on    suitable    supports — barrels, 
irons,  &c. 

Cores  of  the  first  kind  have  been  previously  re- 
ferred to.  There  is  a  growing  tendency  to  use  shell 
patterns  and  discard  dry-sand  cores  wherever  possible. 
Deep  cores  are  in  many  cases  being  made  in  this  way,  the 
interior  of  the  pattern  being  made  to  serve  as  a  core  box. 
The  core  is  made  in  the  hollow  pattern  when  the  latter 
has  been  rammed  up  in  the  sand,  irons  for  support  being 
provided  as  usual.  As  an  instance  of  such  work,  the 
cast-iron  bed  of  a  gas  engine  may  be  cited.  The  core 
has  to  be  supported  from  above,  and  the  lift  is  deep, 
while  the  sides  may  be  as  thin  as  Jin.  in  the  small  sizes. 

It  will  be  seen  that  in  such  cases  accurate  pattern* 
making  is  absolutely  essential,  and  that  the  tendency  of 
the  shell  pattern  to  warp  and  twist  will  be  much  greater 
than  a  block  pattern,  the  construction  of  which  would  be 
much  cheaper,  but  would  involve  the  making  of  a  core 
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box  in  addition.     Patterns  of  this  light  type  are  specially 
liable  to  damage,  especially  if  sent  out  to  be  cast. 

In  other  cases,  for  deep  cores  or  cods,  turn-over 
moulding  is  being  adopted,  with  accurate  boxes  and  long 
pins,  special  crane  provision  for  handling  them  being 
made.  In  this  way  many  articles  formerly  made  with 
dry  sand,  and  even  loam  cores,  are  being  moulded  to 
advantage  entirely  in  green  sand,  with  only  slight  skin 
drying,  and  dry  blacking.  The  advantage  of  life  in  the 
sand,  due  to  the  coal  dust  or  other  similar  material 
present,  assists  the  running  of  thin  sections,  such  as  rain- 
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water  and  hot-water  pipes  (for  which  purpose  green-sand 
cores  are  u^ed),  while  the  distillation  and  burning  out  of  the 
coal  dust  cause  it  to  yield  more  readily  to  the  contracting 
metal,  always  a  matter  for  consideration,  but  especially 
so  with  thin  and  intricate  castings.  The  contraction  in 
such  castings  is,  from  causes  already  explained,  always 
greater  and  occurs  more  rapidly  than  with  thicker  ones, 
Dry-sand  cores  are  much  firmer  and  less  compressible. 
This  applies  to  such  cores  of  all  descriptions,  whether 
made  of  core  sand,  of  mixtures  of  sharp  sand  and  clay,  or 
of  sharp,  burnt,  or  floor  sand,  mixed  with  gum,  molasses, 
oil,  or  other  binding  material.  Cores  made  of  such 
mixtures  may  be  exceptionally,  loose,  and  trickle  out  pf 
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the  casting  when  being  dressed,  but  this  only  arises  from 
the  destruction  and  removal  of  the  binding  material, 
which,  however,  occupies  little  space  in  the  dry  core,  and 
thus  has  little  effect  on  its  behaviour  during  the  con- 
traction of  the  casting.  Core  mixtures  containing  flour, 
&c.,  in  considerable  quantity  are  not  included  in  this 
description.  Such  mixtures  are  expensive.  Flour  is  more 
substantial,  and  chars  and  burns  when  heated. 

Green-sand  cores,  especially  when  surrounded  by 
metal,  can,  however,  only  be  used  in  a  horizontal  or  nearly 
horizontal  position.  They  will  not  resist  very  high 
pressures  or  the  wash  of  flowing  and  moving  metal  in 
running  large  castings.  Great  care  must  be  observed  in 
the  position  selected  for  gates  to  avoid  this  as  much  as 
possible. 

The  making  of  such  cores  where  they  have  to  be 
lifted  separately,  does  not  differ  from  the  method  of 
making  dry-sand  cores,  and,  where  they  are  left  supported 
on  the  withdrawal  of  the  pattern,  is  similar  to  the  making 
of  other  parts  of  the  mould.  Greater  care  if  possible  is 
taken  with  the  venting.  The  vent  wire  is  thrust  into 
every  part,  especially  projecting  parts,  in  such  a  manner 
that  the  vents  all  open  into  the  main  vent,  or  the  cinders 
in  the  middle  of  the  core.  This  is  important,  owing  to 
the  large  amount  of  gas  and  steam  that  has  to  be  removed. 
The  use  of  iron  supports  offers  no  special  points.  Such 
cores,  unless  afterwards  skin  dried,  are  not  blackwashed, 
but  only  dry  blackened.  The  coal  dust  peels  them,  as  it 
does  the  mould. 

Dry-sand  Cores  vary  in  complexity  from  short, 
round,  or  square  forms,  to  those  of  the  most  intricate 
character.  They  may  be  made  in  boxes  by  hand,  or 
formed  by  machines.  Simple  cores  of  uniform  shape 
and  any  section — round,  square,  oval,  or  otherwise — were 
formerly  made  in  core  boxes.  When  many  such  cores  were 
needed,  several  cores  were  made  in  a  box,  the  ramming 
being  done  with  a  small  rammer,  holding  the  box  in  a 
vertical  position.  (Fig.  130,  p.  264.) 

Fig.  131,  p.  264,  shows  a  core  box  for  making  larger 
cores  of  a  rectangular  form.  Like  others  for  making 
larger  cores,  it  is  made  with  loose  screws  for  taking  to 
pieces  to  release  the  core.  They  also  allow  the  length  of 
the  core  box  to  be  varied. 
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Various  lengths  of  cores  of  uniform  section  may 
be  made  by  putting  a  block  in  the  box  to  stop  off 
the  core  at  the  right  length.  With  hand-made  dry-sand 
cores  (without  gum  or  other  adhesive),  this  is  better  than 
cutting  them  to  length. 

Where  many  such  cores  are  required,  especially  small 
ones,  metal  boxes  should  be  used  to  avoid  sticking  and 
also  change  of  form  due  to  wear. 

Kound  cores  and  others  that  are  symmetrical,  but  of 
irregular  section,  are  made  in  halves,  the  necessary  irons 
being  bedded  in  each  half,  and  rammed  separately. 


FIG.  133.— MACHINE  FOR  STRAIGHT  CORES. 

A  little  clay  slip  run  along  the  centre  of  each  half 
before  placing  them  together  and  rapping,  causes  the  two 
halves  to  adhere.  When  making  cores  in  this  way,  care 
must  be  taken  to  see  the  irons  are  firmly  bedded,  each 
being  wet  with  clay-water  before  being  placed  in  the  core, 
and  that  opposite  irons  do  not  come  to  the  surface  of  the 
joint.  Otherwise,  the  rapping  together  of  the  irons  will 
shake  the  core  and  render  it  useless.  The  present 
tendency  in  core  making  is  to  avoid  the  use  of  irons 
as  much  as  possible. 

With  intricate  cores,  loose  pieces  in  the  core  box  serve 
the  same  purpose  as  loose  pieces  on  patterns,  and  the 
screws  of  the  box  are  loosened  to  liberate  the  core, 
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To  give  sufficient  rigidity  to  the  dry  core,  core  gum 
(dextrin),  linseed  and  other  oils,  treacle,  flour,  starch, 
&c.,  are  now  being  used  to  a  great  extent  in  the  mixing  of 
core  sands.  Sharp  sand,  or  ordinary  floor  sand,  mixed 
with  these  substances,  makes  good  cores,  as  the  clay  is 
unnecessary.  Such  cores,  even  small  ones,  require  very 
careful  handling  when  green.  They  are  weaker  than 
those  made  from  ordinary  core  sand.  Small  ones, 
with  care,  present  no  difficulty,  but  with  large  and  intricate 
cores,  handling  when  green  is  avoided  by  using  iron  boxes, 
and  drying  them  resting  in  half  the  box  (or  in  special  boxes 
or  trays  for  support),  in  which  they  were  rammed.  A 
number  of  half  core  boxes,  all  of  the  same  side,  sufficient  for 
a  day's  work  is  necessary.  After  ramming  the  upper  half  of 
the  box  is  removed,  and  the  core  resting  on  the  lower  half 
transferred  to  the  drying  oven.  If  the  drying  requires 
more  than  a  day,  more  boxes  must  be  provided.  Cores 
containing  flour  and  other  similar  materials  char  and  burn 
more  readily  than  ordinary  cores ;  greater  care  is  con- 
sequently necessary  in  drying,  and  the  temperature  of  the 
oven  must  be  carefully  regulated  to  below  500°  Fah. 
When  dry  the  cores  are  harder  and  stronger  than  ordinary 
cores,  so  that  irons  may  be  unnecessary,  or  the  number 
and  weight  much  reduced.  With  thin  internal  cores  and 
in  fragile  castings  the  advantage  thus  gained  is  enormous. 
As  mentioned  above,  the  charring  of  the  binding  material 
leaves  the  sand  loose  so  that  it  trickles  out  and  leaves  no 
rods,  the  breaking  and  removal  of  which  might  ruin  the 
casting.  The  cost  of  fettling  is  correspondingly  reduced, 
and  the  holes  are  truer,  the  cores  not  being  damaged  by 
rubbing  when  placed  in  the  mould. 

Such  cores,  though  hard,  are  porous  owing  to  the 
nature  of  the  sand  used,  and  are  not  liable  to  produce 
blowholes  round  the  core.  The  gases  produced  by  the 
action  of  the  hot  metal  on  the  carbonaceous  matter  in  the 
mixture  are  rich  in  carbon.  They  are  decomposed  where 
they  come  into  contact  with  the  iron,  and  depositing 
a  graphitic  (plumbago)  film  on  the  surface,  give  an 
excellent  glossy  appearance.  This  is  most  marked  when 
oil  or  resin,  or  preparations  of  this  character,  are  used. 

Machine-made  Cores. — The  time  necessary  to  produce  a 
good  core  by  hand  is  always  considerable,  and  many 
attempts  at  economy  in  this  department  of  foundry  work 
have  been  made. 
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Many  machines  for  making  cores  are  now  on  the 
market,  but  are  not  taken  up  so  rapidly  as  moulding 
machines. 


FIG.  134.— MACHINE  FOR  STRAIGHT  CORES. 


Bound  cores  for  example  are  often  made  in  accurately 
bored  standard  tubes  instead  of  boxes  that  divide.  The 
chief  difficulty  in  this  method  of  production  lies  in  obtaining 
a  satisfactory  vent  in  cores  whose  length  is  large  com- 
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pared  with  the  diameter.  It  often  is  closed  by  the 
pressure  necessary  to  remove  the  core.  The  use  of  wax  wire 
overcomes  this,  as  also  does  the  use  of  a  vent  wire  which 
hooks  on  the  side  of  the  tube,  and  a  pusher  that  slides 
over  the  vent.  Fig.  132,  p.  266,  shows  a  form  of  such  a  tube. 
The  vent  wire  has  a  cross  piece  on  the  top  which  rests  in 
slots  in  the  side  of  the  tube,  and  the  pusher  has  a  slit 
into  which  this  passes  when  the  core  is  being  removed 
from  the  tube.  With  large  cores,  to  make  the  ramming 
easier  and  more  regular,  the  vent  rod  has  a  hook  at  the 


FIG.  135.— MACHINE  FOR  STRAIGHT  CORES. 

end,  and  when  the  ramming  is  finished  the  bar  is  pushed 
across,  passing  through  it  and  resting  in  the  slots.  The 
hole  in  the  pusher  is  enlarged  at  the  middle  to  allow  the 
hook  to  pass. 

Kamming  is  done  in  the  ordinary  way,  rods,  &c.,  being 
used  as  usual.  There  is  always  some  liability  to  crush 
the  end  of  the  core  during  delivery,  but  by  making  the 
bottom  solid  any  trouble  is  avoided.  The  upper  portion 
should  be  more  lightly  rammed.  If  too  hard  the  core 
will  not  deliver.  Shortening  of  the  core  may  be  done  by 
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putting  blocks  of  suitable  thickness  having  a  hole  for  the 
vent  rod  in  the  end  of  the  tube. 

All  tubes,  whether  provided  with  this  arrangement  or 
not,  require  to  be  finished  perfectly  smooth  on  the  inside 
and  kept  in  the  best  condition  possible.  This  method  of 
making  round  cores  of  accurate  size  saves  much  time  in 
the  larger  sizes. 

Small  short  cores  such  as  are  required  for  bolt  holes 
in  plates,  &c.;  and  that  must  be  of  "  dead  length,"  can  be 


FIG.  136.— LEEDS  DEAD-LENGTH  CORE  MACHINE. 

most  quickly  made  by  hand  in  metal  boxes  (similar  to 
those  in  Fig.  130)  containing  6  to  12  cores,  according  to 
size. 

An  advantage  of  tube-made  cores  lies  in  the  accuracy 
of  shape  of  round  holes.  Halved  core  boxes  tend  to  wear 
oval  in  continued  use.  In  the  machining  of  such  holes 
the  greater  ease  with  which  a  perfectly  round  straight 
hole  can  be  bored  is  apparent,  time  and  labour  being 
saved. 
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Machines  for  Straight  Cores.— Straight,  short-length  cores 
are  made  in  machines  in  which  the  ramming  is  done 
by  hand  in  tubes  or  bushes  suitably  supported,  the  cores 
being  delivered  by  some  mechanical  device. 

Figs.  133-5  show  the  machine  made  by  the  London 
Emery  Works  Company,  Tottenham.  In  the  small  size 
two  or  more  bushes  can  be  fixed  on  the  table  and 
rammed  at  one  time.  A  piston  slides  in  each  bush  and  can 
be  actuated  by  the  handle  A  at  the  side  of  the  machine. 
The  movement  is  transmitted  by  a  crank  or  cam  through 
the  connecting  rod  B,  which  causes  the  table  C  to  slide 


FIG.  137.— LEEDS  DEAD-LENGTH  CORE  MACHINE. 

on  the  guides  D  on  the  legs  of  the  machine.  E  are  the 
piston  rods.,  F  the  core  bushes,  G  the  table.  The  traverse 
of  the  pistons  is  regulated  by  setting  the  stop  H  at  a  suit- 
able distance  on  the  arc  I,  which  is  graduated  in  inches  or 
millimetres  as  required.  By  this  means  all  difficulty  is 
avoided.  The  machine  being  set,  the  cores  are  rammed 
by  hand  to  the  top,  smoothed  off,  vented,  and  rodded  if 
necessary,  rapped  with  a  few  smart  blows  to  start  the 
cores,  and  then  the  handle  pulled  over  as  far  as  possible. 
When  released  the  piston  falls  to  the  proper  depth  and 
the  operation  repeated.  In  the  large  sizes  a  horizontal  hand 
wheel  and  screw  gearing  are  provided  for  ejecting  the  cores. 

Si 
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The  Leeds  dead-length  core  machine  is  shown  in 
Figs.  136  and  137.  The  pistons  are  lifted  by  a  rack  A 
actuated  through  the  toothed  quadrant  B  by  the  handle  C, 
the  movement  of  which  can  be  controlled  by  the  stop  D 
on  the  arc  E.  F  is  the  spindle,  to  the  top  of  which  the 
pistons  are  attached  by  simple  pressure.  Three  sizes  are 
made  up  to  8 Jin.  diam. 

The  core  bushes  in  machines  of  this  type  are  provided 
with  lugs  at  the  side  (see  Fig.  134)  to  avoid  the  use  of 
setscrews.  The  lugs  pass  through  slots  in  the  recess,  in 


FIG.  138. 

which  the  flanged  top  of  the  bush  rests,  and  the  upper 
surface  of  which  fits  flush  with  the  top  of  the  table.  A 
half  turn  locks  it  in  position.  The  surfaces  of  the 
lugs  may  be  wedge-shaped  to  make  the  clamping  tight. 

The  core  bushes  are  of  cast  iron  or  gun  metal  accurately 
bored,  and  each  size  is  provided  with  a  piston.  Machines 
are  made  for  producing  cores  up  to  B^in.  diam.  and  16in. 
long.  In  the  larger  sizes  a  piece  of  perforated  pipe  is 
inserted  to  serve  as  a  core  barrel  and  reduce  the  amount 
of  sand  to  be  rammed  to  a  minimum.  Venting  may  be 
done  when  the  die  is  filled  and  irons  put  in.  In  the 
larger  sizes  the  irons  are  put  in  while  ramming. 
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All  dies  should  be  carefully  cleaned  and  oiled  before 
putting  away,  and  should  be  wiped  and  oiled  before  use. 
Dirty  dies  will  not  make  good  clean  strong  cores.  Square 
sections  are  difficult  to  make  in  square  tubes,  although  such 
tubes  are  sent  out  with  some  makes  of  machine.  The 
corners  break  down  in  ejecting.  By  having  four  segments 
which  fit  in  the  die  as  shown,  and  which\  are  pushed 
upward  with  the  core,  the  difficulty  is  avoided.  The  best 
forms  of  sections  are  shown  in  Fig.  138.  They  stand  up 
without  difficulty,  and  preserve  their  places  inside  the 
die  while  ramming.  In  a  similar  manner  other  sections 
can  be  made.  Finger  holes  in  the  pieces  allow  them  to 
be  lifted  away  without  disturbing  the  core. 


FIG.  139.— WADSWORTH  &  SHERWIN  CORE  MAKING  MACHINE. 

With  cores  made  with  insets  the  amount  of  crushing 
which  takes  place  during  delivery  is  reduced,  as  the  slid- 
ing of  the  insets  helps  to  lift  the  core.  The  ordinary  core 
sand  or  any  core  sand  mixture  may  be  used. 

In  the  Thomas  &  Clare  machine  ramming  by  hand  is  dis- 
pensed wi  th .  The  moulds  are  filled  with  core  sand ,  and  the 
tops  covered  by  a  stout  movable  cover.  The  cores  are  pressed 
by  forcing  up  the  pistons  to  a  definite  distance  by  levers 
and  a  foot  treadle.  In  this  way  a  dead  length  is  secured, 
and  no  trimming  or  cutting  is  necessary.  It  is  made  in 
sizes  to  produce  cores  fin.,  fin.,  and  fin.  diam.,  lengths 
up  to  3in.,  and  in  lin.,  IJin.,  and  l^in.  diam.  up  to  4in. 
long.  In  the  smaller  sizes  several  cores  can  be  made  at 
a  time.  As  in  other  forms,  the  dies  and  plungers  can  be 
easily  changed. 
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The  makers  of  one  machine  claim  that  a  workman  can 
make  500  to  900  Jin.  to  lin.  diam.  cores 

400  „   500  lin.   „  2in.      „ 

300  ,,  400  2in.   ,,  Sin.      ,, 

250  „  300  3in.   „  4in.      ,, 
in  eight  hours. 

Machines  for  producing  continuous  lengths  of  core  of 
uniform  section  have  been  largely  employed.  Fig.  139 
gives  a  general  view  and  Fig.  140  a  section  of  the  Wads- 
worth  &  Sherwin  machine,  made  by  Horace  P.  Marshall 
and  Co.,  Leeds.  The  capacity  of  the  machine  is  limited 


FIG.  140.— WADSWORTH  &  SHERWIN  CORK  MAKING  MACHINE. 

compared  with  those  already  mentioned.  It  is  only  de- 
signed to  produce  cores  equal  in  section  to  a  2£  round; 
round,  square,  rectangular  or  oval  cores  being  made.  The 
T.Y.  machines  make  up  to  3in.  cores.  As  will  be  seen  from 
the  figure,  the  core  sand  fed  into  the  hopper  is  forced  by 
the  worm  through  the  die  tube,  which  is  held  in  position 
by  a  screw  cap.  The  core,  as  it  emerges  from  the  die, 
is  received  on  a  tray  supported  at  the  proper  height. 

The  enlarged  end  of  all  the  die  tubes  is  of  the  same 
size,  fitting  into  the  recess  at  the  end  of  the  machine  and 
retained  by  the  cap.  Each  die  will  of  course  require  to 
have  the  sand  forced  through  it  at  a  rate  dependent  on 
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the  area  of  cross-section,  and  a  separate  worm  is  thus 
necessary  for  each  tube.  Care  must  be  taken  to  see  that 
the  proper  one  is  used,  or  failure  will  result.  Too  large  a 
worm  will  choke  the  machine.  They  are  fixed  as  follows  :— 

The  spindle  of  the  driving  pinion  is  hollow,  as  shown. 
For  the  greater  part  of  the  length  the  hole  is  circular, 
but  near  the  outer  end  it  is,  for  some  distance,  nearly 
semi-circular.  The  shank  of  the  axis  of  the  worm  fits 
into  the  hollow  spindle,  and  its  end  is  shaped  to  fit  the 
segmental  part  of  the  opening.  This  secures  satisfactory 
driving,  while  the  thrust  on  the  screw  when  working 
prevents  it  becoming  loose. 

The  cores  made  by  this  machine  are  vented  by  the 
fixed  vent  wire  as  shown,  Fig.  140.  It  passes  through  the 
axis  of  the  worm  and  projects  beyond  it,  so  that  as  the  core 
moves  forward  a  vent  is  left  through  the  centre.  The 
outer  end  of  the  wire  is  bent  as  shown,  and  fits  into  a 
recess  which  prevents  it  from  turning.  In  this  way  perfect 
venting  is  secured. 

In  making  the  larger  cores  a  short  cylinder  B,  j^in. 
diarn.,  is  screwed  on  the  end  of  the  wire,  giving  a  bigger 
vent. 

The  feeding  of  the  sand  requires  some  care.  It  must 
be  fed  slowly  and  regularly,  or  it  will  be  rendered  too 
compact  in  the  hopper  to  pass  through  the  mould.  This 
is  more  noticeable  with  strongly-adhesive  sands.  Rather 
more  than  half  the  worm  should  be  covered  by  the  sand, 
but  with  the  machine  at  a  convenient  height  the  core 
maker  can  see  whether  the  sand  is  moving  or  not,  and 
can  feed  to  suit  the  core  being  made.  A  little  practice 
will  enable  the  operator  to  correctly  judge  how  fast  the 
sand  must  be  fed.  The  machine  is  simple  to  use,  and 
may  be  operated  by  hand  or  by  power.  All  parts  are 
made  interchangeable  and  numbered. 

Machines  of  this  type  do  not  work  well  with  ordinary 
core  sand,  the  adhesive  powers  of  which  are,  as 
previously  noted,  strongly  marked  in  the  damp  state.  It 
consequently  works  too  stiffly.  As  might  be  expected,  a 
free,  non-binding  silica  sand,  such  as  river  or  silver  sand, 
mixed  with  some  binding  medium,  as  oil  or  flour,  works 
more  satisfactorily.  The  makers  recommend 

12  parts  silver  sand, 
2  parts  flour, 
1  part  raw  linseed  oil, 
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but  other  mixtures  give  good  results.  Core  gum  and  core 
oil  together  or  separate  are  in  use  for  the  same  purpose, 
and  the  proportions  are  varied  to  suit  the  quality  of  sand 
used  and  the  size  of  core.  Black  floor  sand  is  used  where 
silver  sand  is  not  available.  Trials  must  in  every  case 
be  made  to  obtain  the  mixture  giving  the  best  results, 
always  with  a  view  to  lower  the  amount  of  added  material, 
while  securing  the  strength  of  core  required. 

In  starting  the  machine,  the  hand  may  be  held  against 
the  end  of  the  tube  till  proper  compression  has  been 
obtained,  and  then  when  released  the  core  will  move 
forward  regularly,  the  friction  on  the  sides  of  the  tube 
furnishing  the  necessary  obstruction  to  secure  a  firm  core. 

The  core  as  delivered  is  received  on  a  tray,  the  height 
of  which  must  be  carefully  adjusted  to  that  of  the  die,  or 
the  cores  will  crack  in  coming  out.  Cores  up  to  Sin. 
diam.  and  upwards  of  6ft.  long  are  made  in  the  W.  and  S. 
and  T.V.  machines. 

The  makers  state  that  as  much  as  600ft.  of  lin.  core 
has  been  made  per  hour,  with  the  machine  running  at 
300  revs,  per  minute.  This  is  much  faster  than  the 
ordinary  rate,  even  with  belt-driven  machines.  At  about 
half  speed  the  output  would  be  about  300ft.  per  hour, 
but  will  vary  with  the  working  conditions,  such  as  the 
condition  of  the  machine  and  quality  of  sand  mixture,  as 
well  as  the  skill  of  the  workman.  With  the  larger  sizes, 
and  also  the  smallest  sizes,  the  output  is  less. 

The  figures  given  are  as  follows  :— 

220ft.  2Jin.  core.  504ft.  IJin.  core. 

260ft.  2Jin.  „  576ft.  IJin.  „ 

272ft.  2in.  „  600ft.  lin.  „ 

288ft.  IJin.  „  550ft.  |in.  „ 

336ft.  Ifin.  „  520ft.  fin.  „ 

360ft.  Ifin.  „  468ft.  fin.  „ 

360ft.  IJin.  „  240ft.  Jin.  „ 

432ft.  Ifin.  „  216ft.  fin.  „ 

This  machine  is  marketed  in  this  country  by  the 
Horace  P.  Marshall  Company,  Leeds. 

In  the  Hammer  machine  the  sand  in  the  hopper  is 
kept  moving  and  jamming  prevented  by  a  screw  working 
in  the  feed  hopper. 

The  Pyott  machine  rams  the  cores,  instead  of  forcing 
the  sand  by  a  screw.  The  rammer  works  horizontally  in 
a  long  hopper  or  trough,  into  which  the  sand  is  fed.  At 
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one  end  of  this  the  die  tubes  are  fixed.  Each  die  is 
provided  with  a  rammer  of  suitable  size,  which  is  fixed  at 
the  end  of  a  rod  working  to  and  fro  in  a  trough  near 
the  bottom,  at  such  a  height  that  its  axis  corresponds  with 
the  centres  of  the  holes  in  the  die  tubes.  A  straight, 
short  rod  or  wire  of  suitable  size  projects  from  the 
end  of  the  rammer,  and  while  the  core  is  rammed  keeps 
a  vent  through  the  cores.  The  ramming  is  done  by  a  hand 
lever,  but  such  machines  can  be  arranged  to  operate 
mechanically.  The  hand  is  used  to  keep  back  the  sand 
till  the  core  is  hard  enough,  a  few  strokes  of  the  lever 
being  sufficient  to  fill  the  tube.  Cores  of  considerable 
length  can  be  made,  and  the  machine  is  so  constructed 
that  wires  can  be  introduced  for  support  without  inter- 
fering with  the  ramming  of  the  core.  The  makers — a 
Chicago  firm — recommend  a  similar  mixture  to  that 
employed  with  the  rotary  machines  rather  than  ordinary 
core  sand  ;  this  for  the  reason  previously  noted.  The 
machine  is  made  with  dies  from  fin.  to  4in.  diam. 

Machines  of  the  types  dealt  with  are  only  capable  of 
producing  cores  of  uniform  section  and  without  compli- 
cation of  form.  Their  use  is  limited  to  the  more  simple 
requirements  of  the  foundry.  The  more  difficult  cases  are 
those  in  which  cores  of  varying  section  and  complicated 
form  have  to  be  made.  This  is  seen  especially  in  the 
manufacture  of  such  articles  as  valves,  cocks,  taps,  bends, 
elbows,  and  connections,  which  are  made  in  very  large 
numbers.  Fig.  141  shows  some  of  the  forms  alluded  to. 
Such  cores  are  generally  made  by  hand  in  separate  halved 
core  boxes,  the  halves  being  rammed  separately  and  stuck 
together. 

Since  the  introduction  of  moulding  machines  and  the 
putting  of  the  patterns  of  the  bodies  on  plates  whereby 
the  moulds  can  be  made  at  a  fraction  of  their  former 
cost,  the  making  of  such  cores  by  hand  often  costs  more 
than  the  moulds.  In  addition,  the  making  and  upkeep  of 
the  core  boxes  must  be  added.  The  difficulties  presented 
in  constructing  a  machine  for  this  purpose  are  :  (1)  Even 
filling  and  ramming.  (2)  Ready  removal  of  cores  when 
finished.  The  machines  made  by  the  London  Emery 
Works  Company,  Ltd.,  overcome  both.  Hydraulic,  com- 
pressed air,  steam,  and  hand-power  machines  are  made, 
but  those  fitted  for  hydraulic  or  hand-power  are  preferable. 
Figs.  142  and  143  show  hand-power  and  hydraulic 
machines  for  making  cores  of  small  size  required  in 
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large  numbers.  The  construction  varies  with  the  size 
and  style  of  core  box  for  which  it  is  designed,  and  the 
manner  in  which  the  core  is  removed  from  the  box. 

The  machines  generally  possess  a  rising  and  falling 
table,  actuated  by  hand  levers,  hydraulic,  or  other 
power.  This  table  is  carried  on  trunnions,  which 


FIG.  14-2.— HAND-POWER  MACHINE  FOR  MAKING  SMALL 
CORKS.     (LONDON  EMERY  WORKS  COMPANY.) 


rest  in  bearings  on  the  top  of  posts  capable  of  sliding 
in  vertical  guides.  It  can  be  secured  in  a  horizontal  or 
other  position  by  clamping  screws,  and  may  also  be 
turned  over  by  rack  and  pinion  or  other  arrangement. 

The  head  of  the  machine  is  in  the  larger  sizes  carried 
by  vertical  pillars  at  the  side,  and  is  stationary.  In  the 
smaller  sizes  it  is  carried  by  rods,  the  lower  end  of  which 
is  pivoted  so  that  the  head  can  be  swung  backward,  so 
as  to  leave  the  table  clear,  or  pulled  forward  over  it. 
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FIG.  143.— HYDRAULIC  MACHINE  FOR  MAKING  SMALL  CORES, 
(LONDON  EMERY  WORKS  COMPANY.) 
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Suitable  stops  are  provided  to  insure  the  proper 
amount  of  movement.  The  swinging  head  saves  space, 
and  makes  the  machine  compact  and  handy. 

The  cores  are  made  in  metal  core  plates  or  boxes, 
one  half  of  which  is  fastened  to  the  table  of  the  machine 
forming  the  lower  plate,  and  the  other  is  fastened  to  the 
machine  head.  These  core  plates  are  the  two  halves  of 
metal  core  boxes,  each  cavity  in  the  box  being  closely  sur- 
rounded by  a  groove.  In  making  the  core  the  lower  plate  is 
turned  face  upward,  the  press  head  being  pushed  back, 


FIG.  144.— CORE-MAKING  MACHINE,  CONSTRUCTED  BY  LONDON  EMERY  WORKS  Co- 

and  a  wooden  frame  cut  in  the  rough  to  the  outline 
of  the  cores  and  open  above  is  placed  over  it.  This 
has  a  capacity  slightly  greater  than  the  pressed  core.  Its 
internal  shape  does  not  necessarily  correspond  to  that  of 
the  core,  as  will  be  seen  from  the  frame  lying  in  front 
of  Fig.  144.  The  sand  is  tucked  by  hand  into  this 
frame,  any  rods,  grids,  or  other  supports  necessary 
being  placed  in  position.  The  intermediate  plate  or  frame 
is  then  removed,  the  press  head  brought  over,  and  the 
cores  subjected  to  pressure — rammed.  As  the  plates  close 
together,  any  excess  of  sand  passes  into  the  grooves,  and 
allows  the  plates  to  come  together,  thus  completing  the 
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core.  The  method  of  removal  varies.  In  most  cases  a 
special  tray  is  clamped  to  the  lower  plate  (fastened  to 
the  trunnions) ,  which  is  raised,  turned  over,  lowered,  the 
sheet-iron  released,  and  the  core  plate  again  raised, 
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FIG.  147.— PAIR  OF  CORE  PLATES  FOR  HAND-POWER  CORE-MAKING  MACHINE. 
LONDON  EMERY  WORKS  COMPANY. 

leaving  the  cores  resting  on  the  tray  ready  for  removal 
to  the  oven. 

In  other  cases  the  construction  is  modified  so  that  the 
lower  core  plate  can,  after  pressing,  be  lowered,  leaving 
the  core  resting  by  the  projecting  ends  of  the  rods  or 
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grids  used  to  strengthen  it,  on  suitable  rests.  (See  Fig.  144.) 
The  frame  with  which  the  rods  engage  may  be  raised 
after  the  descent  of  the  ram  and  lower  plate,  or  may  be 
carried  upwards  with  the  table  and  arrested  as  the  latter 
descends.  The  cores  may  be  removed  on  these  frames, 
or  lifted  by  the  rods  and  used  green.  This  is  one  of  the 
many  advantages  obtainable  with  the  machine.  The 
construction  is  shown  in  Figs.  145  and  146.  In  very 
complicated  cores  the  accuracy  is  such  that  parts  of  the 


FIG.  148.— Two  PAIRS  OF  CORE  PLATES  FOR  PUMP  CHAMBER  CORES. 

core  may  be  made  on  different  machines  and  fitted 
together  after  drying. 

Fig.  147  shows  the  core  plates,  intermediate  boxes, 
cores,  and  supporting  irons  for  pump  chamber  cores. 

Fig.  148  shows  plates,  intermediate  box,  and  special 
plate  for  removal  of  cores  which  would  suffer  by 
handling.  It  will  be  noticed  that  its  depth  is  such  that 
it  can  be  placed  on  the  rammed  cores  prior  to  turning 
over  the  plate,  without  crushing  them,  and  it  is  furnished 
with  pins  corresponding  with  those  of  the  plates.  The 
trays  may  be  secured  to  the  core  plate  by  hooks  or  other 
suitable  device.  These  machines  are  made  by  the 
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London  Emery  Works  Company,  and  adapted  by  them 
to  all  classes  of  work. 

They  are,  of  course,  specially  suitable  for  repetition 
work,  but  for  foundries  where  only  a  limited  number  of 
any  one  core  is  required,  the  core  plates  can  be  made  up 
of  two  or  three  sections  which  are  interchangeable.  The 
cores  shown  in  Fig.  148  are  made  at  the  rate  of  six  plates, 
or  48  cores  per  hour.  The  plates  are  16in.  by  12in. 
When  one  section  is  finished  with,  it  can  be  removed  and 
another  inserted.  The  rapidity  with  which  cores  can  be 
made  on  this  machine  is  remarkable. 

Machines  for  Long  Cores. — For  making  long  cores  of  large 
diameter  and  cylindrical  form,  or  diminishing  diameter, 
the  machines  dealt  with  are  unsuitable.  Most  cores  of 
this  class  are  still  made  on  barrels  with  loam. 

The  Jones  machine  (Messrs.  Jones  &  Attwood, 
Stourbridge)  is  shown  in  Fig.  149.  The  cores  are 
struck  up  in  ordinary  moist  moulding  sand,  on  core 
barrels  or  bars  of  cast  iron,  or  other  material.  Only  a 
thin  layer  of  sand  is  applied  as  will  be  seen  from  the 
following  table : — 

Outside  Diameter       Thickness  No.  of  Cores  * 

Size  of  Cores.       of  Core  Barrel.  of  Sand.  per  hour. 


2 

If 

T% 

15—30 

3 

2| 

A 

15—30 

4 

3| 

15—30 

5 

41 

A 

12—24 

6 

H 

1 

12—18 

7 

6 

I 

9—15 

8 

7 

I 

9—15 

9 

7| 

1 

9—12 

10 

8| 

1 

6—12 

12 

10J 

i 

6—12 

The  thickness  varies  slightly,  as  the  barrel  is  of  the 
exact  size  or  not.  The  sand  is  applied  to  the  barrel  by 
a  steel  bar  which  moves  rapidly  to  and  fro  in  the  direction 
of  the  length,  and  produces  a  perfectly  true  smooth 
surface.  This  bar,  resting  on  roller  supports,  moves  at 
the  rate  of  300  strokes  per  minute,  while  the  barrel,  also 
on  roller  supports  that  can  be  adjusted  for  height,  makes 
4  to  5  revs,  per  minute.  Ordinary  moulding  sand,  with 
or  without  the  addition  of  gum,  is  employed.  The  thin 

*  Information  from  makers. 
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layer  of  sand  can  be  quickly  dried,  thus  fuel  and  stove 
room  being  economised. 

The  bed  T,  Fig.  149,  supports  the  carriages  C2,  provided 
with  roller  bearings,  as  shown,  for  the  support  of  the 
core  barrel.  These  are  perforated,  and  have  turned  ends, 
as  for  ordinary  cores.  The  distance  of  the  supports 
apart  can  be  adjusted  to  the  length  of  core  required. 
Collars  C,  the  diameter  of  the  required  core,  are  fixed 
at  the  limits  of  length  required.  The  barrel  is 
revolved  by  the  gearing  W,  being  coupled  by  the 
sleeve  or  sliding  collar  D.  The  main  shaft  carrying  a  fly- 
wheel F  is  provided  with  Sin.  fast  and  loose  pulleys  P, 
and  the  eccentric  E  actuates  the  steel  rod  B  through  the 
connecting  rod  E!.  The  shaft  makes  300  revs,  per 
minute. 


FTG.  149. — JONES'  MACHINE  FOR  LONG  CORES. 


This  gearing  is  carried  by  the  headstock  H,  which  has 
a  fixed  height. 

The  sand  is  fed  on  to  the  bar  from  the  shelf  A,  the 
height  and  position  of  which  is  adjustable  by  screw 
motion  carried  by  the  saddle  S.  The  latter  also  carries 
the  brackets  and  roller  supports  for  the  bar  B.  A  good 
foundation  is  required  for  the  machine. 

In  making  cores,  the  carriages  are  placed  in  position 
on  the  bed,  and  the  height  adjusted  so  that  the  axis  of 
the  core  barrel  is  central  with  the  driving  gear.  Gauges 
are  provided  for  this  purpose.  The  feed  bar  is  then 
raised  or  lowered  by  the  screws  at  the  back  to  give  the 
required  thickness  of  sand  on  the  core  barrel.  The  barrel 
is  coupled  with  the  driving  gear  by  means  of  a  pin 
passing  through  the  sleeve  D  and  the  end  of  the  barrel. 
Care  must  be  taken  to  keep  the  roller  bearings  carrying 
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the  bar  free  from  sand,  and  to  tighten  up  the  machine 
and  remove  backlash,  so  that  the  bar  moves  quite  freely 
without  vibration.  Ordinary  moulding  sand  ground  in  the 
mill  is  used,  or  an  addition  of  core  gum  at  the  rate  of 
about  1  or  2  per  cent,  is  made.  The  sand  is  fed  on  to  the  bar 
regularly  and  the  core  is  rapidly  completed.  It  is  lifted  and 
stoved  in  the  ordinary  way.  Heavy  pipe  cores  are  sprayed 
with  a  solution  of  gam  or  other  adhesive.  The  cores  are 
strong  enough  after  drying  to  be  used  vertically.  They 
may  be  used  green  for  rain  pipes,  &c.,  but  are  better 
dried,  especially  if  a  gum  and  sand  mixture  be  used. 
Ordinary  green  sand  cores  are  best  for  the  latter  purpose 
if  used  green. 

The  machine  can  be  set  to  make  taper  cores  or 
cores  of  sharply  varying  section,  such  as  socket  pipes, 
&c. ;  but  with  recessed  sockets,  the  end  should  be  made 
separately  and  threaded  on  the  body  core  after  drying. 

Cores  from  2in.  to  20in.  in  diameter,  up  to  9ft.  Gin.  long, 
are  made,  and  the  makers  state  that  as  many  as  20  cores 
up  to  5in.,  16  up  to  6in.,  10  up  to  9in.,  and  8  up  to 
12in.,  can  be  made  and  put  in  the  stove  per  hour. 

Chilling  Plates  on  Loam  Cores.— The  advantage  of  having  a 
certain  amount  of  chilling  effect  on  internal  surfaces  that 
are  desired  hard,  close,  and  compact,  has  of  late  years 
been  recognised.  In  many  cases  the  use  of  a  chilling  core 
is  quite  impossible,  owing  to  the  fracture  that  would 
inevitably  occur  from  shrinkage.  Further,  when  the 
interior  has  to  be  bored  or  otherwise  machined,  chilling 
in  the  ordinary  sense  would,  even  if  possible,  greatly 
increase  the  labour.  In  such  cases,  it  has  become  a 
frequent  practice  to  use  thin  plates  about  £in.  thick 
with  studs  projecting  from  the  back  by  which  they 
are  fixed  in  the  loam  backing  of  the  core.  These 
are  placed  so  that  the  edges  are  a  short  distance  apart. 
The  space  is  filled  with  loam,  and  the  core  completed 
and  blacked  in  the  ordinary  way.  The  separation  of  the 
plates  allows  the  core  to  crush.  Such  plates  may 
be  made  in  small  sections  and  bedded  in  any  part  of  a 
loam  core,  the  whole  interior  or  only  a  portion,  say  the 
lower  side  of  a  cylinder,  being  thus  treated.  The 
presence  of  the  iron  has  another  effect.  The  partial  chilling 
of  the  metal  reduces  the  time  of  cooling,  and,  if  the  metal, 
cores,  and  gates  are  right,  reduces  the  probability  of 
sponginess  in  the  casting. 

Ti 
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This  is  specially  marked  on  the  under  sides  of  castings 
of  large  diameter  where  feeding  is  impossible,  and  the 
solidification  of  the  upper  part  due  to  the  more  rapid 
cooling  always  tends  to  make  the  lower  and  more  slowly 
cooled  part  spongy.  For  high-pressure  work  (both  steam 
and  pneumatic)  this  method  of  improvement  is  followed, 
the  crushability  of  the  core  permitting  this  treatment. 
Ordinary  chilling  cores  could  not  be  used,  the  removal 
of  the  latter  at  the  right  moment  being  impossible. 

The  Necessity  of  Holding  Down  Cores. — Some  appliances  for 
that  purpose  have  been  already  referred  to.  The 
importance  will  be  more  apparent  if  the  buoyant  nature 
of  the  core  is  considered.  The  materials  used  comprise 
cast  and  wrought  iron  supports,  sand  or  loam,  hay  band 
and  other  organic  matter,  clay,  ashes,  £c. 

The  specific  gravity  of  the  iron  varies  from  7*1  to  7'8 

sand  ,,  2'2  ,,  2'7 

clay  „          1-9  „  2-1 

ashes          „          2'5  „  2'9 

But  as  the  sand  is  not  compact,  but  only  rammed,  it  will 
contain  air  spaces  equal  to  one-fifth  to  one-third  of  its 
bulk,  according  to  the  fineness  of  the  sand.  The  rammed 
sand  has  therefore  only  a  specific  gravity  of  about  1'8  to 
1'9.  The  iron  by  which  the  core  is  surrounded  has  a 
specific  gravity  of  7'1  to  7 '8,  and  the  tendency  to  float 
upwards  will  be  equal  to  the  weight  of  metal  displaced, 
less  the  weight  of  the  core  itself. 

It  is  obvious  that  a  solid  of  the  same  specific  gravity 
would  float  anywhere  in  the  molten  iron,  but  if  the 
mean  specific  gravity  of  the  mass  be  greater  it  will  sink, 
or  if  lower  would  rise.  This  is  well  exemplified  in  ships. 
The  iron  hull  and  all  the  fittings  have  a  higher  specific 
gravity  than  the  water  on  which  it  floats,  but  the  hollow 
space  enclosing  air  reduces  the  gross  weight  to  a  lower 
amount  than  that  of  the  water  it  displaces,  and  its  carry- 
ing power  is  limited  to  the  difference  in  weight  of  the 
ship  and  the  weight  of  the  water  displaced  at  the  water 
line. 

A  core  is  similar  in  all  respects.  The  gradual  filling  of 
the  mould  causes  the  immersion  to  be  gradually  increased 
as  the  metal  rises  in  the  mould.  Thus,  with  a  core  rest- 
ing on  the  bottom  its  tendency  to  float  up  is  continually 
increasing  as  the  mould  fills,  and  attains  a  maximum 
when  the  core  is  completely  submerged.  The  full  effect 
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is  therefore  only  felt  when  much  metal  has  been  run  in. 
So  long  as  the  total  weight  of  the  core  or  its 
equivalent  adhesion  to  the  bottom  is  greater  than  the 
metal  it  displaces,  the  core  will  remain  in  position  by 
gravity  only.  In  many  cases  where  special  means  for 
holding  down  are  not  employed  the  rising  metal  will  have 
solidified  over  the  bottom  and  round  the  base  of  the  core 
in  a  skin  of  greater  or  less  thickness,  and  itself  help  to 
keep  down  the  core. 

Sometimes  a  core  lifts  which  has  not  done  so  on 
former  occasions,  and  the  moulder  has  not  noticed  that 
he  has  been  using  hotter  metal  having  a  lower  melting 
point.  This  on  entering  the  mould  has  cooled  less  rapidly, 
and,  either  the  skin  has  not  been  formed,  or  its  thickness 
has  been  less  than  usual.  It  will  be  seen  that  certain 
forms  of  cores — the  shapes  of  which  give  the  metal  a 
better  hold — will  show  a  less  tendency  to  rise. 


FIG.  150. 

Thus  in  Fig.  150,  if  the  figures  represent  similar 
pieces  resting  on  the  bottom  of  a  mould,  when  the 
mould  in  A  is  filled,  apart  from  any  effect  of  the 
metal  produced  as  above,  movement  is  prevented  by  the 
broad  base  by  which  it  is  attached  to  the  mould.  In  B 
the  base  is  narrower,  and  as  the  mould  fills  the  attach- 
ment— if  not  otherwise  strengthened — may  not  be  strong 
enough  to  resist  the  upward  pressure  of  the  metal. 

Thus,  while  the  actual  tendency  to  float  upwards  is 
only  dependent  on  the  displacement  or  specific  gravity, 
the  shape  of  the  core  will  determine  whether  movement 
will  occur  or  not. 

Taking  a  cubic  foot  of  iron  at  4561bs.(4481bs.=  4cwt.) 
and  a  cubic  foot  of  water  at  62 Jibs.,  and  the  average 
density  of  a  core  with  irons  (or  core  bar)  at  3,  a 
cubic  foot  of  core  would  only  weigh  187ilbs.,  leaving 
a  deficiency  of  2681bs.  representing  the  weight  or  pressure 
necessary  to  retain  it  in  position.  The  specific  gravity  of 
a  core  will  of  course  vary  with  the  material  used.  It 
may  rise  as  high  as  3*5  when  much  iron  enters  into  its 
construction. 
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Stability. — The  stability  of  cores  resting  only  on  the 
base,  and  not  otherwise  held,  is  also  dependent  on  their 
shape  in  another  way.  Bodies  floating  freely  in  liquids 
turn  so  that  the  centre  of  gravity  is,  having  regard  to  all 
the  conditions,  in  the  lowest  possible  position.  With  flat 
and  squat  forms,  this  is  attained  by  resting  flat  sides 
downward,  not  on  edge.  With  long  bodies  the  axis 
containing  the  centre  of  gravity  will  be  horizontal  if  the 
centre  of  gravity  is  at  the  centre,  if  nearer  to  one  end 
that  end  will  be  depressed.  Applying  this  to  cores  it  will 
be  seen  that  flat  cores  of  uniform  section,  such  as  rect- 
angles and  circles,  where  the  centre  of  gravity  is  at  the 
centre,  will  have  no  tendency  to  rise  on  one  side  more 
than  another.  With  cores  of  unequal  form  or  volume 
the  tendency  to  tilt  in  one  direction  or  another  is  greater 
as  the  volume  of  that  part  of  the  core  is  greater  or  less. 

The  period  during  which  such  movements  can  occur 
is  limited  to  the  period  of  fluidity  and  viscosity  of  the 
iron. 

There  is  a  tendency  among  moulders  to  assume  that 
there  is  no  necessity  to  hold  down  a  core  resting  on  the 
bottom  so  that  the  metal  does  not  flow  under  any  part  of 
it.  The  idea  is  that  there  is  no  upward  pressure. 
Reference  to  the  effect  of  pouring  water  into  a  vessel,  on 
the  bottom  of  which  a  wood  block  is  resting,  will  dispel 
the  idea ;  the  block  will  remain  motionless  till  the  height 
of  the  water  is  such  that  the  displaced  fluid  is  equal  to 
the  weight  of  the  block,  and  any  further  increase  in 
height  will  raise  the  block.  It  can  only  be  held  down 
either  by  pressure  from  above  or  by  being  attached 
below  by  adhesion  or  other  means,  hence  the  necessity 
of  securing  cores  which  rise  vertically  in  the  mould,  and 
of  making  the  cores  fit  securely  in  the  bottom  parts  in 
order  that  the  metal  cannot  run  underneath.  For  this 
purpose  iron  rods,  or  gaggers  pushed  down  into  the  sand 
beds  are  necessary  to  secure  deep  cods,  and  loam  and  dry 
sand  cores  must  be  provided  with  means  for  fastening 
down  if  cast  in  a  vertical  position. 

In  hollow  cylinders  or  drums  cast  vertically,  the  core 
is  held  down  from  below  by  screw  pins  or  cotters  attached 
to  the  end  of  the  core  bar.  This  method  of  dealing  with 
long  cores  is  preferable  to  weights  applied  to  the  projecting 
top  of  the  core  bars.  It  leaves  the  core  free  to  move 
upward  when  expansion  occurs,  unchecked  by  the  weights 
otherwise  necessary ,  thus  reducing  any  tendency  to  buckling 
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or  bulging  of  the  core  or  bar  that  would  interfere  with  the 
thickness  of  the  metal.  In  cores  containing  hay  band, 
sawdust,  or  other  organic  material,  the  risk  of  movement 
of  the  core  is  greater  than  in  those  not  containing  such 
substances.  Further,  the  addition  of  weights  to  the  top 
reduces  the  stability  of  the  core  by  raising  the  centre  of 
gravity,  and  increases  the  liability  to  tilt.  With  bottom 
fastenings  this  also  is  avoided,  and  better  centring  is 
assured.  These  considerations  are  of  less  importance  in 
cores  with  broad  bases,  which  may  be  held  down  by 
chaplets,  studs,  &c.,  as  already  shown. 

DRYING  MOULDS  AND  CORES. 

THE  method  followed,  and  the  construction  of  the 
ovens  employed,  will  vary  with  the  nature  and  size  of  the 
work.  Few  details  in  connection  with  foundry  arrange- 
ment and  equipment  have,  till  recent  years,  received  less 
attention  or  been  less  skilfully  managed.  Lack  of 
knowledge  of  what  occurs  and  may  occur  in  the  drying 
of  cores  has  been  the  cause  of  the  neglect. 

Success  or  failure  depends  on  the  temperature  attained, 
the  rate  of  heating,  the  length  of  time  the  heat  is  con- 
tinued, and  the  constitution  of  the  core. 

During  the  heating  hygroscopic  moisture  is  expelled. 
This  may  be  followed  by  the  expulsion  of  moisture  from, 
and  subsequent  charring  of,  the  organic  matter  (straw, 
dung,  flour,  or  similar  matter)  in  the  core  or  moulding 
sand,  and  by  the  expulsion  of  the  water  from  the  clayey 
matter  in  the  core.  Loss  of  moisture  should  tend  to 
produce  contraction,  but  this  is  more  than  counteracted 
by  the  expansion  by  heat  of  the  sand  grains  (silica)  and 
iron  supports  of  the  cores,  so  that  with  a  carefully-dried 
core  its  external  dimensions  slightly  increase  while 
drying.  This  is  due  to  the  material  of  the  core  becoming 
rigid  and  set  while  hot  and  expanded.  On  cooling  the 
new  positions  into  which  the  sand  grains  have  been 
forced,  prevent  it  contracting  to  the  same  extent,  and  it 
becomes  permanently  enlarged. 

It  follows  that  the  temperature  of  the  drying  stove, 
which  will  determine  the  rate  of  heating  and  the  final 
temperature,  will  determine  the  expansion  thus  taking 
place.  In  large  cores  only  the  outer  layers  and  more 
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accessible  parts  will  be  heated  to  the  full  temperature  of 
the  stove  unless  left  in  for  a  long  period.  Rapid  heating 
and  high  temperature  will  have  a  tendency  on  ordinary 
sand  to  an  increase  in  the  surface  porosity,  which  will 
not  extend  to  the  back  layers  unless  similarly  heated. 
The  effect  is  important,  as  it  means  that  it  is  easier  for 
the  gas  and  air  in  that  portion  to  escape  into  the  mould 
than  into  the  vent  provided  for  its  removal.  Many  a 
difficulty  arising  from  blow  holes  caused  by  cores  may, 
if  the  trouble  be  taken,  be  traced  to  this  cause.  It 
scarcely  needs  pointing  out  that  increased  porosity  of 
the  core  means  a  corresponding  increase  in  the  amount 
of  gas  to  be  got  away.  Even  small  cores  give  rise  to  this 
trouble,  little  attention  being  paid  to  the  temperature  at 
which  they  are  dried.  If  a  core,  which  has  been  rapidly 
dried,  be  broken  across,  there  is  no  difficulty  in 
appreciating  the  difference  in  the  density  of  the  different 
layers. 

High  temperatures  also  cause  decomposition  of  the 
organic  substances  in  the  core.  Oil  begins  to  char  at 
about  550°  Fah.,  and  starch  and  core  gum  at  about 
470°  Fah.  It  is  obvious  that  where  these  are  used  the 
temperature  must  not  exceed  these  figures.  Other 
organic  matters  behave  much  in  the  same  way,  and 
straw  may  be  burnt  out  at  600°  Fah.  Since  many  stoves 
exceed  this  temperature  in  some  parts  it  is  easy  to  see 
how  cores  may  be  damaged  by  careless  heating,  especially 
those  containing  much  hay,  rope,  or  similar  material  ; 
looseness,  shifting,  and  even  loss  of  shape  may  result 
from  too  rapid  heating.  The  latter  is  often  caused  by 
the  swelling  of  the  organic  matter. 

It  follows  that  cores  can  be  best  dried  at  a  com- 
paratively low  temperature,  the  heat  being  continued  till 
the  drying  is  complete. 

Dry  sand  and  core  sand  containing  clay  wash  or 
loam  and  sharp  sand  will  withstand  a  hotter  fire  and  more 
rapid  drying  without  being  burnt  than  those  mixed  with 
gum,  starch,  or  much  moulding  sand.  Large  cores,  that 
are  required  to  dry  quickly,  should  have  as  little  organic 
matter  introduced  as  possible.  Rapid  drying  with  large 
bodies  can  only  be  secured  by  strong  heating,  and  the 
substitution  of  thin  core  walls  backed  by  grids  or 
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collapsible  barrels,  and  either  left  hollow  if  open  to  the 
air  or  filled  with  ashes  if  surrounded  and  only  vent 
pipes  provided,  secures  all  the  necessary  advantages. 
Such  grids  form  adequate  support  to  loam  or  good  dry 
sand,  and  the  thickness  covering  them  may  be  reduced 
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to  a  minimum,  often  a  half  to  five-eighths  of  an  inch. 
This,  however,  necessitates  the  grids  being  made  with 
the  bars  close  together,  more  like  plates.  In  fact,  where 
the  nature  of  the  work  admits,  the  modern  tendency  is 
to  make  the  support  of  the  core  more  of  the  nature  of  a 
perforated  plate,  like  a  core  barrel.  These  are  fitted  so 
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that  they  can  be  loosened  to  prevent  fracture  by  con- 
traction, and  they  can  be  taken  apart  to  remove  them 
from  the  casting. 

Sand   containing   much   clayey  matter  is  somewhat 
liable  to  crack  if  dried  too  rapidly,  but  the  trouble  is  even 


FIG.  152.— OVEN  FOR  SMALL  CORES. 

worse  with  sand  containing  gum.  Evenly  heating  the 
surface  tends  to  prevent  this.  Fine  dry  sand  or  loam 
moulds,  cylinder  cores,  gearing  wheels,  and  practically 
all  work  of  precision,  must  be  slowly  dried  at  a  low- 
temperature.  It  is  obvious  that  any  core  with  a  loose 
soft  surface  (frush)  would  be  fatal  to  the  success  of  the 
casting. 
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Work  of  less  exactness  and  importance  where  turning 
follows,  such  as  rolls,  will  not  be  unpaired  by  hotter 
drying,  and  may  thus  be  more  quickly  placed  in  the  hotter 
parts  of  the  oven. 

Much  of  the  trouble  arises  from  lack  of  attention 
and  the  unsatisfactory  construction  and  sources  of  heat 
of  the  chamber.  If  the  fires  are  allowed  to  burn  down, 
and  a  sudden  effort  is  made  to  get  them  up,  the  tem- 
perature in  the  vicinity  of  the  fires  is  for  the  time  being 
much  higher  than  necessary  and  safe,  and  moulds  and 
cores  are  liable  to  be  burnt.  This  may  arise  from  neglect, 
especially  at  night,  and  it  would  be  of  advantage  if  a 
recording  pyrometer  were  fitted  to  all  ovens  where  night 
fires  are  kept  going.  The  temperature  at  any  period 
could  be  then  ascertained,  and  the  cause  of  both  burnt 
and  undried  moulds  traced. 

Cores  badly  and  irregularly  dried  or  burnt  are  very 
difficult  to  black  and  yield  a  rough  surface,  but  with 
slowly  heated,  evenly  dried  cores  a  good  blackened 
surface  can  be  secured. 

In  drying  blackings  and  blackened  moulds,  especially 
those  blackened  green,  cracks  are  sometimes  produced. 
A  dressing  of  oil  followed  by  plumbago  is  the  best  remedy 
for  such  defects.  Dried  work  frequently  receives  a 
somewhat  liberal  treatment  with  oil  to  assist  in  drawing 
patterns,  &c. 

Construction  and  Arrangement  of  Ovens. — The  dimensions  and 
form  will  be  determined  by  the  number  and  size  of  the 
cores  to  be  dried,  and  whether  it  is  intended  for  moulds  as 
well.  For  large  numbers  of  small  cores  independent  core 
ovens  like  Figs.  151  and  152  are  most  suitable,  but  small 
cast-iron  stoves  of  simple  construction  are  also  used.  Brick 
drying  stoves  are  necessary  for  drying  moulds  and  large 
cores.  They  vary  from  small  chambers  5ft.  or  6ft.  square 
and  as  many  high,  to  large  chambers  24ft.  long,  15ft. 
wide,  and  12ft.  high.  Where  much  core  space  is  needed 
it  is  more  economical  to  divide  it  into  several  sections 
side  by  side. 

Situation.— The  oven  should  be  built  outside  the 
foundry  if  possible,  in  such  a  position  that  the  doors  open 
into  its  wall.  The  place  chosen  should  not  interfere 
with  the  gangways,  the  extension  of  the  foundry,  or  with 
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the'floor  work,  and  should  be  near  the  part  where  loam 
moulding  and  dry-sand  work  is  done.  It  must  be  so 
placed  that  the  carriage  carrying  the  cores  or  moulds  can 
be  readily  brought  under  the  crane  for  lifting  purposes. 

Small  brick  chambers  are  built  with  firing  places  on 
the  same  level  as  the  drying  chamber.  The  fire  may 
occupy  the  end  of  the  stove  or  be  in  a  recess  built  out 
from  it.  The  walls,  of  9in.  or  13in.  brickwork,  are  carried 
to  the  desired  height,  gudgeons  for  carrying  the  doors 
being  built  in  at  the  end.  The  chimney  is  built  at  one  end, 
and  has  openings  level  with  the  top  and  bottom  of  the 
stove.  These  should  be  made  large  enough,  as  one  of 
the  most  important  points  is  that  the  stove  should  have 
good  draught.  If  too  large  they  can  easily  be  reduced  by 
inserting  bricks.  Flat  tops  are  suitable  for  small  stoves, 
cost  less  to  build,  and  give  least  trouble.  A  convenient 
method  of  support  is  to  build  in  iron  bearers  (old  rails 
or  similar  support)  stretching  across  the  oven  at  intervals 
of  18in.  These  are  covered  with  iron  plates,  corrugated 
iron  with  brick  covering,  or  with  flags. 

The  fire  may  be  placed  at  the  end  opposite  the  flue 
and  door,  and  may  be  contained  in  a  bar  grate  or  in  a 
fire  basket.  These  may  be  fed  from  inside  the  stove,  in 
which  case  they  must  be  filled  up  before  introducing 
the  work.  They  are  better  fed  from  outside.  In  this  case 
the  fire  grate  may  take  the  form  of  a  fire  basket,  either 
rectangular  or  with  a  circular  front.  The  bottom  of  the 
grate  is  provided  with  fire-bars  resting  on  an  enclosed 
brick  base,  opening  outside  for  the  removal  of  the  ashes. 

Coke  is  a  better  fuel  than  coal  slack  ;  the  latter 
produces  too  much  smoke,  which  besides  being  un- 
pleasant causes  a  deposit  of  tarry  matter  on  the  cores, 
&c.  The  heat  is  moreover  not  so  steadily  maintained. 
The  air  passing  through  the  coke  produces  carbon 
monoxide.  This  is  burnt  by  air  admitted  above  and  at 
the  sides  of  the  fire. 

Larger  stoves  are  constructed  with  fireplaces  under 
them,  the  hot  fire  gases  passing  into  flues  running 
underneath  the  chamber.  The  flues  and  the  bottom 
of  the  oven  are  covered  with  iron  plates.  These  are 
pierced  at  intervals  so  that  the  fire  gases  rise  and  enter 
the  chamber.  Over  the  fireplace  the  plating  is  replaced 
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by  a  fire-brick  arch.  This'flue  or  flues^should  pass  down 
the  middle  of  the  chamber.  At  each  side  of  the  chamber 
a  similar  flue  runs,  communicating  with  the  chimney. 
The  latter  has  also  openings  into  the  chamber  at  bottom 
and  top. 

Drying  stoves  burning  Mond  or  other  gas  are  con- 
structed on  somewhat  similar  lines.  The  gas  is  led  to  a 
flue  extending  the  whole  length  of  the  chamber,  and 
opening  at  intervals  into  it.  Air  ducts  extend  along  each 
side  of  the  pipe,  each  having  an  opening  corresponding  with 
each  gas  inlet.  By  this  means  an  adequate  air  supply 
is  ensured.  The  gas  pipe  and  ducts  are  best  laid  at  a 
depth  allowing  the  gas  and  the  air  to  mix  before  entering 
the  chamber.  By  this  arrangement  a  series  of  burners 
like  Bunsens  is  obtained.  As  the  gas  is  poisonous,  and 
highly  explosive  when  mixed  with  air,  in  lighting  up,  a 
piece  of  burning  waste  or  similar  matter  must  be  placed 
over  the  holes  by  which  the  flame  enters  before  turning 
on  the  gas.  Flues  down  the  side  are  provided  for  drawing 
off  the  burnt  gases,  moisture,  &c.  Gas  firing  is  cleaner 
and  the  heating  more  uniform  than  either  coke  or  coal. 
Any  fuel  gas  may  be  used.  The  size  and  number  of  the 
burning  jets  may  be  altered  to  suit  the  temperatures 
required. 

The  bottom  of  the  stove  is  provided  with  rail  tracks 
from  end  to  end  on  which  carriages  carrying  the  cores 
or  moulds  to  be  dried  can  be  introduced  and  withdrawn 
from  the  oven.  Carriages  for  cores  are  provided  with 
suitable  supports  on  which  they  rest.  Work  is  generally 
pushed  in  by  hand,  or,  if  heavy,  a  lever  is  used.  It  may 
be  withdrawn  by  chains  hooked  on  to  the  carriage  and 
connected  with  the  crane,  or  to  a  winch  placed  opposite 
the  oven  at  the  end  of  the  track. 

Hinged  doors  are  best,  if  space  in  front  of  the 
ovens  allows.  If  not,  sliding  doors  moving  horizontally 
or  vertically  must  be  used.  With  the  latter,  vertical 
guides  and  balance  weights  must  be  provided. 

The  conditions  under  which  drying  stoves  operate 
most  economically  are  well  defined.  Air  at  any  given 
temperature  can  take  up  a  certain  amount  of  moisture 
and  no  more.  The  last  portions  of  this  maximum  are 
only  taken  up  very  slowly.  It  is  necessary  therefore  to 
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provide  for  the  removal  of  the  moisture-laden  air,  and 
the  introduction  of  fresh  warm  air,  hence  the  necessity 
for  the  provision  of  an  adequate  draught.  On  the  other 
hand,  if  the  draught  be  too  strong  the  hot  air  may  be 
removed  too  rapidly,  and  thus  increase  the  consumption 
of  fuel.  Further,  the  direction  of  the  gases  should  be 
such  as  to  prolong  the  contact  of  the  hot  gases  with  the 
work  to  be  dried.  With  this  intention  stoves  have  been 
introduced  in  which  the  hot  fire  gases  are  conducted  by 
vertical  flues  in  the  side  walls  or  by  flues  built  up  in  the 
middle  of  the  stove  to  a  point  near  the  top  or  above 
the  middle  height  ;  the  chimney  flues  opening  into  the 
stove  at  the  bottom.  The  downward  direction  thus 
given  retards  the  passage  of  the  hot  gases  and  favours 
them  becoming  saturated  with  moisture  before  leaving  the 
oven.  Middle  flues  can  only  be  employed  with  stoves  big 
enough  to  divide  into  two  compartments. 


CHAPTER    XII. 

LOAM  MOULDING. 

PROBABLY  the  first  moulds  for  casting  metal  were  made 
of  some  plastic  material  that  could  be  fashioned  in  the 
soft  state  and  then  dried  and  heated  before  receiving 
the  metal.  Various  sandy  clays,  mixed  and  tempered 
with  sand  or  with  other  clays,  acquired  a  special  reputation 
with  the  ancients  on  account  of  their  suitability  for  this 
treatment.  It  was  recognised  that  they  combined  a 
degree  of  plasticity  when  wet,  with  the  minimum  of  con- 
traction on  drying,  and  the  necessary  resistance  to  the 
high  temperature  of  the  hot  metal,  while  allowing  the 
gases  to  escape  with  sufficient  ease  to  avoid  blowholes. 
Such  clays  were  therefore  in  high  repute,  and  were  taken 
long  distances  to  the  metal  or  the  metal  was  brought  to 
them.  : 

Demands  for  more  ready  and  cheaper  production  have, 
among  other  considerations,  led  to  the  substitution  of 
sand  for  the  plastic  material,  and  modern  necessities 
made  various  other  demands  that  have  altered  the  nature 
of  loam  moulding  considerably.  In  one  main  feature  it, 
however,  remains  unchanged.  It  is  still  fashioned  in  the 
plastic  condition,  with  or  without  the  aid  of  patterns  and 
templets,  and  dried  before  receiving  the  metal. 

Loam  is  used  for  making  the  outside  portion  of 
moulds,  and  also  for  cores.  It  is  also  used  in  the  produc- 
tion of  patterns  and  for  some  other  purposes. 

It  differs  somewhat  in  composition  according  to  the 
purpose  for  which  it  is  intended,  and  the  materials  at 
command.  Wherever  possible  local  materials  are  used, 
though  where  conveyance  is  cheap,  or  some  special  work 
is  on  hand,  loam  may  be  brought  from  a  distance. 

Referring  to  the  qualities  required  in  moulding  sand, 
it  will  be  seen  that  owing  to  the  altered  conditions  of 
use  loam  will  differ.  Being  used  in  a  wet  state,  it  must 
be  not  only  sufficiently  adhesive  to  stick  together,  but 
also  to  the  bricks  or  other  supports  employed. 
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On  drying,  it  must  not  shrink  so  as  to  detach  itself 
from  the  supports,  or  produce  hollows,  cracks,  or  other 
alteration  of  form.  It  must  be,  of  course,  refractory, 
must  work  freely  with  the  tools,  and  after  drying  must  be 
porous. 

Its  plasticity  will  (in  the  wet  state)  depend  on  the 
amount  of  clayey  matter  present  and  the  fineness  of  the 
particles.  It  is  also  affected  by  the  weathering  and 
mellowing  to  which  it  has  been  subjected.  Better 
admixture  and  longer  weathering  insures  the  better 
hydration  of  the  clayey  matter,  and  working  it  insures 
uniform  diffusion  of  the  constitutents.  This  produces  a 
tougher  and  more  plastic  material,  which  is  also  more 
adhesive  when  wet.  Loams  containing  much  clay — fat 
loams — contract  more  on  drying  and  are  liable  to  produce 
sinkings  and  depressions,  especially  where  the  loam  is 
thick.  The  size  of  the  sand  grains  influences  this  also. 
Finer  grain  shows  more  contraction.  Freedom  of  working 
is  associated  with  size  of  grain,  and  proper  diffusion  of 
ingredients.  Thus  coarse,  sharp  sand  loam  must  be 
finished  after  drying,  owing  to  the  drag  of  the  tools  on 
the  wet  material. 

The  porosity  of  loam,  like  that  of  dry  sand,  increases 
as  the  material  dries,  owing  to  the  removal  of  moisture. 
Most  of  the  loam  employed  is  mixed  with  horse  dung, 
chopped  hay  or  straw,  cow  hair,  and  sometimes  sawdust 
and  wood  wool.  These  materials  are  mixed  thoroughly, 
generally  in  the  dry  state  (horse  manure  is  allowed  to 
dry),  and  the  effect  they  produce  in  becoming  soaked  by 
absorbing  the  water  used  must  be  borne  in  mind  in  mixing 
the  loam.  They  swell,  and  the  absorption  of  the  water 
makes  the  loam  tougher  while  wet,  and  on  drying  they 
retain  their  moisture  after  that  adhering  to  the  sand 
grains  has  been  removed.  So  that  after  the  sand  grains 
have  all  set  in  position  the  desiccation  of  the  organic 
matter  proceeds,  and  the  shrinkage  that  occurs  makes 
the  whole  mass  highly  porous  by  forming  innumerable 
channels  which  inter-communicate,  and  thus  improve 
the  venting  quality  of  the  material. 

Where  organic  matter  is  excluded,  the  space  vacated 
by  the  water  on  drying  the  loam  forms  a  sufficient  vent. 
Loam  containing  organic  matter  is  used  for  cores  and 
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internal  work,  but  that  used  for  outside  may  or  may  not 
contain  it.  From  the  manner  of  drying  it  will  be  seen 
that  the  organic  matter  does  not  affect  the  size  of  the 
parts,  only  the  porosity. 

When  materials  such  as  horse  manure,  bran,  and  other 
organic  matters  are  added  to  the  loam  they  must  be 
thoroughly  mixed  with  the  loam,  but  must  not  be  ground 
more  than  is  necessary  to  do  this.  If  ground  too  finely 
they  diminish  its  cohesiveness.  Coal,  coke,  and  blacking, 
when  added,  require  special  care  in  this  respect. 

Kinds  of  Loam. — Common  building  loam  is  the  coarse 
material  used  for  building  up  the  mould.  Facing  loam  is 
the  fine  material  used  for  the  face  of  the  mould.  Certain 
sands  only  require  grinding  to  yield  satisfactory  loam.  Of 
these  Lancashire  red  rock  is  one  of  the  best.  It  varies 
somewhat  in  strength,  but  is  more  constant  in  quality 
than  others.  It  is  mixed  with  old  loam  in  the  proportion 
of  five  new  loam  to  one  of  rubbish,  and  ground  about  a 
quarter  of  an  hour.  Red  moulding  sand  of  a  similar 
quality  is  found  in  many  districts. 

If  the  loam  is  too  clayey  a  few  shovelsful  of  sharp 
sand  such  as  is  used  by  builders,  or  even  sea  sand,  will 
bring  it  to  a  proper  condition,  and  prevent  it  forming 
cracks  while  drying.  This  forms  a  good,  reliable  facing. 
Dried  horse  manure  is  often  added,  especially  for  cores. 

Erith  sand  also  makes  good  loam.  It  varies  somewhat 
in  character  more  than  red  sand.  The  mixture  is  made 
much  as  above.  It  sometimes  contains  more  clay  than  is 
desirable,  and  at  others  too  little.  Sharp  sand  corrects 
the  former  defect,  and  the  addition  of  clay  water  while 
grinding  the  latter.  It  requires  only  to  be  watched. 
Besides  these,  any  natural  sand  or  rotten  rock  that 
contains  about  14  to  18  per  cent,  of  clay  and  the  rest  good 
silica  sand,  f  reef  rom  lime,  magnesia,  and  alkalies,  will  make 
good  loam  with  little  or  no  tendency  to  crack  on  drying. 
The  absence  of  the  bodies  named  is,  of  course,  necessary. 
Their  presence  would  render  the  loam  fusible.  Any 
oxide  of  iron  present  must  be  the  higher  (ferric)  oxide 
Fe2  O3.  It  should  also  be  red,  not  brown,  if  more  than 
2%  per  cent,  be  present.  The  red  oxide  is  either  free  from 
water  or  contains  very  little.  It  consists  mainly  of 
Fe2  03.  The  yellow  oxide  may  contain  as  much  as 
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17  per  cent,  of  water.  Part  of  this  is  lost  when  the  mould 
is  heated  to  dry  it.  But  the  oxide  retains  10-11  per  cent, 
after  heating  to  212°  Fah.  At  600°  Fah.  it  slowly  parts 
with  its  water,  and  at  dull  redness  it  suddenly  contracts 
in  bulk,  and  undergoes  a  molecular  change.  When  heated 
alone,  this  causes  it  to  glow  more  brightly.  These 
changes  cannot  fail  to  have  their  effect  on  the  mould. 
In  the  drying,  the  loss  of  water  and  contraction  cannot 
fail,  in  the  case  of  loam  containing  the  yellow  oxide,  to 
influence  the  cohesion  of  the  sand  grains,  even  if  no  over- 
heating occurs,  while  the  effect  of  the  hot  metal  may  be 
disastrous  if  the  body  of  metal  be  large.  It  is  possible 
that  some  of  the  cases  of  bursting  of  loam  moulds,  when 
quite  filled,  are  due  to  the  weakening  from  this  cause. 
In  loam  containing  organic  matter,  the  reducing  effect 
by  which  the  higher  (Fe.,  03)  may  be  reduced  to  the  lower 
oxide  (Fe  0)  would  result  in  partial  fluxing  of  the  mould 
and  extensive  sand  burning. 

Good  loam  can  be  made  by  the  admixture  of  sharp, 
common,  and  sea  sand  with  clay.  In  the  selection  of 
sand  for  this  purpose,  it  is  necessary  to  see  that  it  is 
free  from  lime,  magnesia,  and  alkalies.  Many  sea  sands 
are  quite  unsuitable  from  the  presence  of  much  carbonate 
of  lime.  The  presence  of  the  salt  is  also  more  or  less 
objectionable,  as  it  is  liable  to  make  it  absorb  moisture. 
None  but  those  free  from  clay  and  therefore  less  likely  to 
retain  salt  are  suitable.  Common  sand  and  sharp 
sand  must  be  riddled  before  grinding.  The  sand  used  in 
the  north  of  England  and  in  Scotland,  under  the  name  of 
iron  sharp  sand,  belongs  to  this  class.  It  is  a  silicious 
river  sand,  and  is  said  to  get  the  name  "  iron  "  sand 
from  its  occurrence  in  the  iron  districts  of  the  Clyde  and 
Tay.  River  sands  taken  above  the  tidal  part  of  the  river 
are  most  suitable,  as  there  is  less  likelihood  of  salts  being 
present.  Sands  in  the  tidal  parts  of  rivers  may  be 
flooded  occasionally,  and  on  the  evaporation  of  the  water 
the  salt  may  be  retained.  Its  subsequent  removal  may 
or  may  not  occur. 

Loam  is  made  from  such  sands  by  adding  clay  and 
other  binding  material.  The  clay  is  added  in  the  propor- 
tion of  one  part  .of  clay  to  from  four  to  six  of  sand. 
Where  the  sand  grains  are  large,  finer  sand  must  be 
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mixed  with  it.  Roughing  loam  for  the  first  coat  contains 
the  larger  amount  of  clay  in  order  that  it  may  adhere  to 
the  bricks.  Thus  typical  mixtures  are  :— 

(a)  Clay  6,  building  sand  (fine)  20,  old  sand  or  sharp 
sand  4,  and  cowhair  2  shovelsful. 

(b)  Clay   6,  sea  sand  30,   and  dry  horse  manure   1 
shovelful.      (For  core  loam   sand  only  half  the  manure 
would  be  used.) 

(c)  Clay  8,  iron  sharp  sand  40,  and  cowhair  7  shovels- 
ful.    (The  use  of  the  latter  is  to  a  large  extent  unnecessary 
if  the  sand  be  well  ground  and  excess  of  clay  avoided. 
If  used  it  must  be  thoroughly  beaten  before  adding  it. 
It  serves  as  binding  and  venting  material.) 

Black  sand  from  the  foundry  floor  may  be  substituted 
for  all  the  sand  in  (a).  It  forms  a  cheap  black  loam  that 
serves  well  as  building  loam  for  setting  the  bricks  in 
moulding,  and  for  daubing  on  plates  for  stopping  up 
cracks  and  other  apertures  by  which  the  metal  might 
escape  when  the  various  parts  are  fitted  together  in  the 
final  closing  of  the  mould.  (The  manure  may  be  left 
out  of  any  of  the  above.) 

Loam  Bricks  for  Building.— It  is  also  useful  for  the  pro- 
duction of  loam  bricks  used  in  building  parts  of  the  moyld 
which  are  so  situated  as  to  resist  the  contraction  of  the 
casting,  and  in  building  up  for  narrow  places,  as  they  cut 
to  shape  easily,  and  being  previously  dried  afford  specially 
free  venting  facilities.  They  are  also  sometimes  built 
into  the  face  where  it  is  intended  to  carve  out  the  form 
required.  In  exceptional  cases,  where  the  liability  to 
fracture  from  contraction  is  great,  the  loam  bricks  con- 
tain horse  dung  or  chopped  strawin  considerable  quantity. 
They  are  made  in  wooden  moulds  of  suitable  size  and 
shape,  and  stoved  before  use.  Loam  adheres  more 
readily  to  such  bricks  when  moistened,  and  their  use  for 
places  where — owing  to  some  projection — only  a  thin 
coating  of  loam  will  be  possible,  is  advantageous  for  this 
reason,  and  also  the  better  venting  which  reduces  the 
probability  of  that  portion  of  the  mould  being  detached. 

Clay. — The  clay  used  in  mixing  loam  need  not  of 
necessity  be  fire  clay.  Any  fat  clay  containing  less  than 
2 -5  per  cent,  to  3  percent,  lime  and  alkalies  may  be  used. 

Vi 
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If  more  be  present  the  possibility  of  fusion  is  too  great. 
In  consequence,  chalky*  clays  are  avoided,  but  red  clays, 
free  from  carbonate  of  lime,  may  be  used.  It  may  be 
worthy  of  mention  bhat  many  clays — excluding  fire 
clay,  and  containing  little  or  no  lime,  are  light 
coloured — varying  from  white  or  grey  to  yellow 
or  yellowish  brown.  They  are  often  of  a  more 
highly  aluminous  character  than  common  clay.  Some 
of  them  contract  very  much  on  burning,  owing 
to  the  expulsion  of  a  large  amount  of  water  of  combina- 
tion. They  are  quite  refractory,  and  often  very  fat,  giving 
a  tough,  tenacious  loam.  Clay  containing  pyrites  is  not 
suitable  for  making  loam.  Nodules  of  carbonate  of  iron 
in  clay  are  objectionable.  The  latter  body  also  makes  it 
fusible  and  unsuitable  for  use.  All  pebbles  should  be 
removed  before  the  clay  is  ground  in  the  mill.  Its 
binding  quality  is  improved  by  weathering — breaking  up 
and  exposure  to  frost  and  the  action  of  the  atmosphere — 
and  the  loam  is  consequently  tougher.  Such  clay  also 
makes  better  claywash.  If  the  clay  be  sandy,  but  other- 
wise good,  a  larger  proportion  will  be  required  to  produce 
the  desired  cohesion.  A  trial  will  determine  what  are  the 
best  proportions  of  the  materials  available,  and  each 
must  determine  how  much  is  necessary,  on  the  lines  laid 
down.  Sufficient  water  must  be  added  when  grinding  to 
reduce  the  mass  to  a  pasty  consistency. 

Loam  made  from  sharp  sand  by  artificially  mixing  it 
with  clay  is  easier  to  dry  than  other  loams.  It  is,  however, 
more  easily  burnt  in  the  stove.  This  seriously  injures  it, 
as  the  burnt  portions  are  washed  off  by  the  metal  if  they 
do  not  fall  or  break  away  in  handling.  If  only  slightly 
burnt,  a  wash  with  thin  clay  water  may  be  applied,  but 
if  the  trouble  is  deeper  the  burnt  part  must  be  removed 
and  fresh  material  applied.  Whether  burnt  or  not,  such 
loam  is  generally  more  easily  broken  when  dry,  and  all 
naturally  weak  parts  require  to  be  suitably  supported 
by  irons. 

The  lack  of  toughness  and  the  size  and  character  of  the 
sand  grains  make  it  less  easy  and  agreeable  to  work. 
Apart  from  the  greater  difficulty  in  getting  it  to  adhere 

*  Chalk,  limestone,  and  marble  are  carbonate  of  lime, 
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to  the  bricks,  &c.,  in  building  up  the  mould,  it  does  not 
so  readily  finish  to  a  smooth,  satisfactory  surface. 

Speaking  generally,  it  is  freer  venting  than  other 
loams,  and  this  allows  moulds  to  be  cast  cold  without 
danger.  As  in  other  dried  moulds,  moisture  is  liable  to 
be  deposited  in  the  portion  near  the  surface  of  a  loam 
mould  unless  thoroughly  dried  out.  This  is  due  to  the 
surface,  after  drying,  becoming  cold  before  the  material 
behind  it.  Steam  from  the  still  damp  back  portions 
gets  condensed  in  the  cool  front  layer,  and  thus  makes  them 
damp.  The  finer  the  material  of  which  the  mould  is 
made  and  the  greater  the  trouble  that  will  result  from 
the  presence  of  this  moisture.  It  has  given  rise  to  the 
belief  that  the  mould  absorbs  moisture.  Condensation 
may  occasionally  occur  from  the  atmosphere.  It  follows 
that  free  venting  loam  will  be  much  more  readily  and 
thoroughly  dried  than  closer  material,  and  no  use  of  vent 
wires,  however  careful  and  complete,  can  do  the  work  so 
efficiently  as  a  naturally  free  venting  body.  Attention  to 
these  points  is  of  the  first  importance,  especially  in 
cases  of  changing  the  quality  of  the  loam  used,  arising 
from  removal  to  a  locality  where  different  materials  are 
used,  or  in  changing  the  sands  used  in  making  the  loam. 
Bearing  in  mind  all  the  conditions,  however,  the  best 
results  are  more  readily  obtained  by  using  fine-grained 
material  if  sufficiently  free  venting. 

The  burnt  loam  from  castings  is  used  in  making 
rough  building  loam,  while  unburnt  portions  may  be 
passed  on  to  the  core  makers  after  reducing  it  to 
powder. 

Supports. — Soft,  pasty  loam  will  evidently  require 
suitable  support.  In  fact,  it  merely  forms  the  lining  or 
facing  of  the  mould  to  which  the  desired  shape  is  given. 
The  mould  itself  is  built  of  bricks,  iron  plates,  &c., 
disposed  to  give  the  necessary  strength  to  resist  the 
pressure  of  the  fluid  metal  and  support  the  weight  of  the 
mould  itself.  The  bricks  are  placed  somewhat  apart 
bedded  on  rough  loam,  and  the  spaces  filled  up  with  cin- 
ders for  venting  purposes,  plates  of  suitable  shape  for 
binding  purposes  being  placed  on  the  building  at  intervals 
of  three  to  five  courses.  The  loam  is  daubed  on  to  the 
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bricks,  so  as  to  adhere  and  form   a    coating    of    plastic 
material,  which    is    shaped  either  by  the  aid  of— 

(a)  A  complete  pattern  against  which  the  mould  is 
built, 

(b)  A  skeleton  pattern,  or 

(c)  By  strickles  or  sweeping  boards  only. 

The  plastic  nature  of  the  material  and  the  adjustable 
character  of  the  support  enables  moulds  of  circular, 
rectangular,  or  other  uniform  section  to  be  readily  built 
up.  This  is  especially  convenient  in  making  castings  of 
large  size,  and  in  other  cases  where  the  making  of  com- 
plete patterns  would  form  a  very  serious  charge  on  the 
work,  apart  from  the  difficulty  of  handling  and  storing 
them.  Loam  also  forms  a  convenient  material  for  making 
patterns  of  articles  of  which  only  one  is  required,  and 
for  which  no  pattern  exists,  providing  the  section  is 
suitable. 

Loam  moulds  may  be  built  in  a  pit  in  the  foundry 
floor  in  the  position  in  which  they  will  be  dried  and  cast, 
or  the  mould  may  be  transferred  to  the  stove  to  dry. 

Very  large  castings  are,  of  course,  made  and  dried  in 
position,  and  the  capacity  of  the  stove  generally  deter- 
mines what  is  done  with  smaller  work.  It  is  easier  and 
better  where  possible  to  transfer  the  mould  to  the  stove. 

MATERIALS  AND  APPLIANCES  REQUIRED. 

Bricks. — These  should  be  of  such  a  character  that  the 
loam  will  adhere  strongly  without  difficulty.  Halves  and 
portions  of  bricks  are  useful  in  making  narrow  places. 
Loam  bricks  are  used  between  flanges  and  other  parts 
that  are  not  widely  separated,  as  they  offer  less  resistance 
to  the  contraction  of  the  casting.  This  is  much  weaker 
when  hot,  just  after  solidification  has  occurred,  and  if 
such  projecting  parts  are  prevented  from  following  the 
contraction  of  the  vertical  parts  connecting  them,  fracture 
is  likely  to  occur. 

Ashes  are  used  to  fill  in  spaces  between  the  bricks 
which  in  building  are  left  separated  by  lin.  to  IJin., 
according  to  the  character  of  the  loam  and  the  position 
of  the  brick  course,  nearer  or  further  from  the  metal. 
They  form  satisfactory  material  for  packing  between 
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the  vertical  joints  of  the  bricks,  as  while  sustaining  the 
bricks,  they  are  perfectly  free  venting  and  do  not  require 
drying.  Loam  is,  of  course,  used  on  the  bedding  joints 
of  the  bricks.  Loam  rubbish  and  dried  sand  serve  nearly 
as  well,  when  ashes  are  not  available.  The  ashes  must 
be  fine  enough  to  be  well  packed  so  as  to  secure  perfect 
steadiness. 

Iron  Plates  and  Supports. — All  loam  moulds  are  made 
on  an  iron  building  plate  of  suitable  shape,  and  of  a 
thickness  capable  of  supporting  the  weight  of  the  mould 
without  yielding.  The  thickness  also  depends  on  how 
the  mould  is  to  be  handled.  Moulds  built,  dried,  and 
cast  in  the  pit,  without  removal  to  the  stove,  need  not  have 
so  heavy  a  plate  as  those  that  are  removed.  The  plates 
are  2in.  to  2Jin.  thick.  When  the  mould  is  not  removed 
to  the  stove,  this  plate  rests  on  bars  5in.  to  7in.  square, 
which  are  cast  long  enough  to  project  beyond  the  edges 
of  the  plate.  These  are  laid  at  the  bottom  of  the  pit, 
and  stiffen  the  plate  supporting  the  mould.  They  also 
offer  a  convenient  means  of  tying  the  mould  together  in 
a  vertical  direction,  similar  bars  being  laid  over  the  top  of 
the  mould  and  suitable  arrangements  made  for  clamping 
the  two  sets  together.  Plates  for  supporting  a  mould 
to  be  carried  to  the  stove  have  projections  cast  on  them 
for  the  same  purpose,  the  whole  plate  being  made  stronger, 
as  it  is  required  to  carry  the  whole  weight  of  the  mould 
when  lifted. 

Some  plates  for  moulds  cast  without  ramming  have 
snugs,  each  pierced  with  a  hole,  at  intervals.  Before 
casting,  thick  iron  bars  are  passed  through  them  and 
corresponding  holes  in  snugs  on  the  top  plate,  and  secured 
by  cotters  or  other  means. 

Building  plates  of  a  shape  suitable  to  the  casting,  and 
where  possible  completely  encircling  the  casting,  are  flat 
plates  fin.  thick,  and  of  a  width  sufficient  to  cover  the 
top  of  the  brickwork,  leaving  a  sufficient  clearance 
all  round  for  the  application  of  the  loam.  These  plates 
are  interposed  at  intervals  of  every  third  course  in  the 
case  of  moulds  carried  to  the  stove  and  cast  without 
being  supported  by  rammed  sand,  and  about  every  fifth 
course  in  the  case  of  moulds  round  which  sand  is  rammed 
prior  to  casting. 
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The  building  plates  in  the  latter  case  need  not  project 
beyond  the  line  of  building,  as  the  ramming  of  the  sand 
behind  it  forms  an  efficient  support  for  the  mould  when 
cast.  When  moulds  are  not  rammed  the  plates  are  made 
wide  enough  to  stand  clear  of  the  building  by  about  2in., 
a  building  plate  for  a  mould  having  two  thicknesses  of 
bricks,  being  made  about  12in.  wide  and  lin.  to  IJin. 
thick.  Round  the  outer  edge  of  the  plate  dabblers  are  cast 
so  as  to  stand  upright  when  the  plate  is  put  in  position. 
These  are  of  such  a  length  that  the  next  plate  above 
rests  on  the  upturned  ends.  The  weight  is  thus  mainly 
carried  by  prods,  each  plate  supporting  the  weight  of  the 
courses  built  upon  it.  Care  must  be  taken  that  the  plates 
are  well  bedded,  and  that  the  prods  are  not  too  long, 
otherwise  the  top  course  of  a  stage  may  be  slightly  bulged 
outwards  when  the  mould  is  cast.  These  building  plates 
are  sometimes  cast  with  rectangular  holes  near  the  edge, 
instead  of  prods.  When  in  use  the  holes  are  placed  so  as 
to  come  immediately  above  each  other  in  order  that  flat, 
cast-iron  bars,  2Jin.  to  Sin.  wide  and  fin.  thick,  may  be 
threaded  through  them  from  top  to  bottom  of  the 
mould.  These  are  secured  to  the  building  plates  before 
the  mould  is  cast.  Building  plates  cast  with  prods 
must  be  carefully  stayed  opposite  the  vertical  bars  used 
for  clamping  the  top  and  bottom  plates,  every  precaution 
being  taken  to  prevent  lateral  movement.  The  elaborate 
binding  and  staying  arrangements  necessary  for  moulds 
cast  without  ramming  makes  it  impossible  to  avoid  the  use 
of  a  large  weight  of  iron  in  the  construction  of  the  mould. 

Drawback  Plates. — Most  loam  moulds  require  to  be  divided 
into  parts.  Some  of  these  separate  by  a  horizontal 
seating,  and  flat  building  plates  provided  with  suitable 
means  for  lifting  are  employed.  Such  joints  are  often 
necessary  when  an  enlargement  on  the  core  prevents  it 
being  placed  in  position  with  the  mould  in  its  complete 
form.  In  such  cases  the  under-side  of  the  plate  that 
overhangs  the  enlargement  must  be  sufficiently  rough 
to  retain  the  loam  in  a  hanging  position  or  must 
be  furnished  with  prods,  or  nails  may  be  cast  in 
the  under-side  of  the  plate  to  secure  its  retention. 
This  is  more  effective  than  using  irons,  unless  the 
weight  of  material  to  be  carried  is  considerable.  Wide 
flanges  have  often  to  be  treated  in  this  way.  With 
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such  joints  it  is  advisable  to  sweep  up  in  hard  sand 
a  seating  of  the  same  form  as  that  on  which  it  rests  in 
the  mould,  so  that  when  separated  it  will  be  possible  to 
place  it  down  on  a  satisfactory  bed  without  danger  of 
injury.  Blocks  on  which  the  iron  plate  rests  and  which 
raise  it  from  the  ground  are  also  used.  For  those  parts 
of  moulds  that  overhang  similar  supports  are  necessary  in 
drying  in  the  stove. 

If  the  overhang  be  great  the  loani  must  be  applied  to 
the  surface,  face  upwards,  and  turned  over  after  the 
necessary  shaping  by  sweeping  boards  or  otherwise. 
Plates  such  as  these  are  sometimes  used  to  divide 
moulds  that  are  too  deep  for  the  stove.  In  any  case 
they  must  be  made  strong  enough  to  carry  the  weight 
of  the  mould  resting  on  them.  The  venting  of  these 
parts  often  causes  trouble,  and  if  possible  a  layer  of 
free  venting  material  should  be  put  next  the  plate,  being 
well  and  firmly  packed  between  the  prods  to  insure 
lifting.  Unless  specially  treated  in  this  or  some  similar 
fashion  these  parts  of  the  mould  (proper)  are  among  the 
most  difficult  to  vent  properly. 

The  positions  of  such  seatings — where  they  fit — must 
be  marked,  so  as  to  facilitate  closing  of  the  mould,  and 
the  surfaces  of  the  seating  require  to  be  allowed  to  stiffen 
and  well  parted  before  turning  over  the  plate  and  placing 
it  in  position.  Parting  sand  is  used  between  the  joints. 
In  overhanging  parts,  such  as  flanges,  the  space  between 
it  and  the  mould  below  should  be  filled  up  with  sand  level 
with  the  joint,  a  surface  being  struck  up  on  which  the 
loamed  plate  can  rest.  This  supports  the  loam. 

Often  the  separate  parts  can  be  built  independently  and 
fitted  together,  but  this  necessitates  such  accurate  setting 
of  the  sweeping  boards  that  it  is  generally  best  to  com- 
plete the  whole  mould  together.  In  very  tall  cylindrical 
moulds,  built  up  of  several  sections,  it  is  quite  easy  to 
remove  each  section  as  completed,  the  spindle  being 
raised  to  allow  of  its  removal  and  the  introduction  of 
another  prepared  plate.  These  plates,  being  all  alike, 
can  readily  be  placed  in  similar  positions  on  the  blocking 
or  sand  bed  on  which  they  rest. 

Often  the  mould  has  to  be  divided  in  a  vertical  plane 
to  allow  of  the  parts  being  drawn  back  as  in  making 
sand  moulds.  These  drawbacks  have  to  be  furnished 
with  plates  cast  to  shape  and  provided  with  prods,  the 
seatings  being  well  and  firmly  made.  As  few  divisions 
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should  be  made  as  possible.  The  smaller  the  number 
of  joints  and  the  stronger  the  mould  will  be.  Less  floor 
space  will  be  occupied  by  separate  parts  lying  about,  and 
the  probabilites  of  injury  will  be  reduced.  The  loam 
on  which  the  plate  is  to  be  laid  must  be  as  stiff  as  can 
be  readily  worked  and  the  different  partings  must  be 
allowed  to  stiffen,  or  stiffened  by  the  application  of  heat. 
Hot  bricks  or  sand  may  be  used.  This  preserves  their 
shape  during  the  building  of  the  rest  of  the  mould. 

Before  applying  the  loam  to  the  plates  they  should  be 
carefully  cleaned,  prods  and  all,  from  sand  and  loose  dust, 
and  washed  with  clay  water.  The  loam  used  should  be 
stiff,  and  as  little  clay  water  as  possible  used,  so  as  not  to 
soften  it.  Parting  sand  is  applied  wet  to  vertical  joints  if 
it  will  not  stick.  Holes  cast  in  the  plate  lighten  it  and  also 
give  the  loam  a  better  hold.  Covering  plates  for  the  joints 
must  be  cast  of  proper  shape,  so  that  after  the  closing 
of  the  mould  these  plates,  coated  with  wet  loam,  may  be 
applied  outside  and  stayed  to  the  rods  holding  the  mould. 
This  prevents  the  leakage  of  metal.  In  making  the 
mould  it  is  better  to  have  these  parts  a  good  but  easy  fit 
so  as  to  insure  closing  without  a  crush,  taking  the  neces- 
sary care  to  see  that  they  can  be  accurately  placed.  The 
positions  for  the  partings  must  be  selected  so  that  any  fin 
that  may  form  can  be  easily  removed,  and  the  parting 
must  not  be  so  placed  that  the  slight  extra  thickness  that 
might  result  from  finning  shall  add  to  the  thickness  of  any 
part  unless  such  addition  is  immaterial.  The  necessity 
of  cover  plates  for  the  joints  will  be  apparent,  as  any 
leakage,  especially  from  joints  in  the  lower  part  of  the 
mould,  would  probably  not  occur  until  the  mould  was 
partially  filled  and  a  considerable  pressure  inside 
had  been  attained.  It  would,  at  anyrate,  become  more 
marked  as  the  metal  rose,  and  in  high  moulds  would 
probably  lead  to  a  waster  casting.  The  only  salvation 
would  lie  in  the  metal  solidifying  in  the  leak,  forming 
a  plug.  If  the  mould  begins  to  leak — however  im- 
probable it  may  appear — the  flow  of  the  metal  through  the 
crevice  heats  up  the  channel  and  lessens  the  probability 
of  self-sealing.  On  one  occasion  the  author  has  knowledge 
of  a  mould  being  saved  by  the  application  of  a  little  water 
and  wet  sand  to  the  outside  at  the  point  of  leakage. 
Moulds  properly  rammed  up  in  sand  in  the  pit  before 
casting  are  not  likely  to  suffer  in  this  way. 
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Elates  for  drawbacks  may  be  cast  of  any  necessary 
strength  with  prods,  and  any  corners  not  reached  by  the 
plates  must  be  carefully  ironed.  A  similar  remark  applies 
to  any  unsupported  part  of  the  mould. 

Plates  and  irons  for  cores  have  also  to  be  provided. 
These,  when  the  core  is  inverted,  require  prods  to  secure 
the  bricks  forming  the  lower  surface. 

Core  irons  serve  purposes  in  cores  similar  to  those  of 
building  plates,  &c.,  in  the  mould.  They  are  cast  as 
grids  with  or  without  dabblers,  according  to  the  position 
they  are  intended  to  occupy.  Those  which  are  turned 
over  when  the  mould  is  put  together  must  have  dabblers, 
between  which  the  bricks  and  loam  may  be  retained. 
Core  irons  must  be  clean,  clay  washed,  and  always  be 
well  packed  by  pieces  of  brick  or  cinders  in  the  building 
so  as  to  give  the  iron  a  good  grip  of  the  material. 
Dabblers,  irons,  and  plates  must  be  kept  back  from  the 
surface  by  at  least  half  an  inch,  and  where  necessary  a 
greater  distance.  The  provision  of  adequate  support  in 
the  core  enables  the  pattern  to  be  removed  with  less 
drying,  thus  saving  it  from  injury.  This  causes  the  core 
to  come  out  clean  and  saves  time  in  mending.  It  also 
insures  accuracy,  because  in  mending  it  is  difficult  to 
always  apply  just  the  proper  thickness  of  loam  to  replace 
that  lost  by  dragging  or  breaking  when  drawing  the 
pattern.  The  addition  of  too  much  reduces  the  thick- 
ness of  the  part,  and  too  little  makes  it  thicker.  The 
more  tender  the  loam  (as  in  cores  with  blacking)  and  the 
worse  the  trouble.  Greater  accuracy  of  the  parts 
insures  better  fitting  and  saving  of  time  in  closing  the 
mould,  while  a  better  result  is  certain  to  be  obtained. 

It  will  thus  be  seen  that  with  loam  and  top  plates, 
building  plates,  core  plates,  binding  bars  for  top,  bottom, 
and  sides ;  drawbacks  and  cover  plates,  irons  for  general 
purposes,  that  a  considerable  amount  of  work  will  have 
to  be  done  by  the  loam  moulder  before  the  actual  building 
is  commenced. 

The  shape,  number,  sizes  and  thickness  of  the  plates 
must  be  determined  before  a  start  is  made,  and  the  open 
sand  bed  is  the  surface  on  which  he  sketches  out  his  plan  of 
campaign  as  he  makes  the  necessary  tackle  for  the  mould 
in  hand.  His  knowledge  and  ability  to  read  and  appre- 
ciate the  meaning  of  a  working  drawing,  his  foresight  and 
capacity  for  planning  out  so  as  to  avoid  unnecessary  work 
and  delay,  having  regard  to  the  appliances  at  hand,  such 
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as  stove  capacity,  crane  power,  &c.,  make  bis  position  one 
of  responsibility,  demanding  a  clear  bead,  a  light,  firm, 
steady  band,  power  of  decision,  and  executive  ability, 
scheming,  calculating,  and  carrying  into  execution  the 
whole.  He  must  know  from  the  commencement  what 
is  needed  and  how  to  obtain  it,  so,  that  when  all  parts 
are  finished  ready  for  casting,  they  will  fit  well  together, 
and,  if  they  do  not,  be  able  to  decide  quickly  and  without  the 
frequent  hurry  and  bustle  what  must  be  done.  Such  a 
man  is  a  moulder  worthy  of  the  craft. 

Patterns. — Loam  moulds  may  be  built  against  complete 
patterns,  but  this  is  never  done  where  it  can  be  avoided, 
as  the  pattern  must  of  necessity  be  left  in  while  the 
mould  is  dried  either  completely  or  partially.  The  possi- 
bilities of  injury  to  the  pattern  in  the  drying,  arising 
from  the  warping  of  the  wood  and  starting  of  joints 
and  "  bye  "  wood  by  the  damp  loam,  has  to  be  encountered 
on  the  one  hand,  and  on  the  other  the  possibility  in 
stoved  moulds  of  charring  the  patterns,  has  to  be 
reckoned  with.  The  former  is  bad  for  both  pattern 
and  mould,  as  in  many  cases  the  distortion  is  such  that 
the  pattern  will  not  draw  without  injury  to  the  mould, 
as  well  as  the  probable  permanent  injury  to  the  pattern. 
The  latter  case  is  not  merely  imaginative,  as  occasionally 
some  charcoal  and  a  few  screws  bear  adequate  witness. 
The  coarser  the  sand  and  the  more  tender  the  loam, 
and  the  greater  the  likelihood  of  injury  to  the  mould 
when  drawing  the  pattern.  As  a  consequence,  sharp 
and  iron  sand  loam  do  not  serve  well  for  this  purpose .  Moulds 
made  from  complete  patterns  are  more  liable  to  be  rough 
and  unsatisfactory,  and  require  more  finishing  than  others. 

Skeleton  patterns  are  often  used.  These  consist  of 
strips,  the  position  of  which  gives  the  outline  of  the 
casting  and  the  thickness  of  the  metal.  Such  patterns 
enable  the  core  to  be  built  up  in  the  interior.  Thus, 
the  skeleton  pattern  for  a  rectangular  tank  would 
consist  of  a  framework  of  strips,  equal  in  thickness  to 
that  of  the  metal  required.  This  would  enable  the 
moulder  to  build  up  the  internal  core  with  the  pattern 
resting  on  a  prepared  surface  on  the  iron  loam  plate 
supporting  the  mould.  This  latter  will  have  been 
levelled,  coated  with  loam,  one  thickness  of  bricks 
laid,  and  these  covered  with  loam  and  strickled 
level.  After  being  partially  dried,  the  pattern  is 
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placed  in  position,  the  space  in  the  bottom  frame  is 
filled  with  fine  sand,  and  the  core  iron  having  short 
prods  put  in  its  place  and  carefully  set,  bedded  on  loam. 
A  pipe  for  venting  purposes  extending  well  into  the 
interior  of  the  core  is  set  in  position,  and  plugged 
with  straw  or  other  provision  made  for  venting  the  core. 
The  grid  is  packed  with  broken  bricks  in  the  spaces,  and 
the  core  built  up  of  a  single  thickness  of  bricks  placed  so 
as  to  bond  perfectly,  forming  a  4jin.  wall.  Loam  is  used 
for  mortar  at  the  flat  joints,  and  some  of  the  bricks  are 
built  endwise  so  as  to  project  into  the  interior.  This 
building  is  kept  back  from  the  skeleton  pattern  by  the 
thickness  of  the  loam.  Before  putting  on  the  top 
covering  course  of  such  a  core  the  interior  would  be 
filled  with  ashes  and  a  light  grid  with  dabblers  bedded 
on  the  top,  well  packed,  and  the  top  course  of  bricks 
added  to  form  a  cover,  bedded  on  loam.  Handles  for 
carrying  the  core  may  come  from  up  the  bottom  grid  and 
pass  through  suitable  gaps  in  the  top  grid,  coming  up  to 
the  level  of  the  dabblers,  so  that  by  leaving  off  the  loam 
the  core  can  be  slung  without  difficulty.  The  deficiency 
is  made  up  at  the  last  moment  when  closing  the  mould, 
the  fresh  loam  being  dried  by  hot-plate,  &c.  The  top 
grid  can  be  stayed  to  these  handles,  but  is  best  left  free, 
as  the  swing  of  the  handles  may  make  them  spring  and 
if  made  rigid  tend  to  push  the  top  grid  sideways. 
This  does  not  occur  if  left  free.  Chaplets  for  holding 
down  the  core  press  on  the  top  grating. 

The  surface  of  the  brick  building  is  covered  with  loam, 
and  by  means  of  a  strickle  cut  so  as  to  use  the  sides  of  the 
pattern  as  guides,  having  a  check  equal  to  the  thickness 
of  the  metal,  the  surfaces  of  the  core  are  made  uniform. 
The  core  now  completely  fills  the  space,  just  touching 
the  skeleton  along  the  inner  edge  of  every  rib.  The 
pattern  is  removed  and  the  mould  stoved  long  enough  to 
allow  the  core  to  be  lifted  from  its  bed. 

The  pattern  is  put  back  in  place  and  the  outer  part  of 
the  mould  built  of  a  single  brick  wall  to  the  top  of  the 
pattern,  being  set  back  Jin.  to  Jin.  Building  plates  as 
already  noted  are  used  according  to  requirements,  and 
provided  with  dabblers  or  not,  dependent  on  the  method 
of  running — with  or  without  ramming.  The  inner 
surface  of  the  building  is  coated  with  loam  and 
strickled  with  the  same  strickle  from  the  inside  of 
the  mould,  the  pattern  removed,  and  the  mould 
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dried.  Any  openings  in  the  tank  are  made  in  the 
under  side  to  avoid  the  use  of  studs  in  carrying  the 
core.  The  vents  from  the  core  pass  through  these  open- 
ings, which  are  moulded  in  the  thickness  and  dried,  before 
the  outside  of  the  tank  is  commenced,  a  pipe  being  used 
to  convey  the  gases  down  to  a  properly  ventilated  coke 
bed.  For  the  sake  of  clearness  reference  to  these  has 
been  omitted.  The  top  of  the  mould  is  made  of  an  iron 
plate  with  short  dabblers  to  retain  2in.  of  loam  and 
with  holes  of  sufficient  size  for  the  gates,  &c.  Clay  water 
and  loam  applied  to  its  face  and  strickled  flat  make  a  satis- 
factory cope,  or  a  dry-sand  cope  may  be  used  as  the 
surface  is  a  flat  one. 

In  such  a  case  it  will  be  seen  that  the  pattern  surface 
is  reduced  to  a  minimum,  and  the  time  of  contact  with 
the  wet  loam  is  as  short  as  possible.  Skeleton  patterns 
are  largely  used  for  articles  that  lend  themselves  to  this 
treatment. 

In  this,  as  in  all  similar  cases,  the  casting  would  be 
run  down  the  thickness  on  opposite  sides,  or,  if  large,  all 
round,  or  by  gates  of  suitable  size  placed  at  equal 
intervals,  flow  gates  being  placed  on  the  top  of  the 
casting.  The  advantage  of  such  treatment  is  apparent. 
No  core  boxes  are  needed  as  in  sand  moulds,  and  the 
pattern-making  is  reduced  to  a  minimum. 

Most  loam  moulds  are  made  without  the  use  of 
patterns,  strickles  of  suitable  form  working  against 
straight  or  curved  guides  being  used  for  surfaces  that  can 
be  rubbed  lengthwise,  and  suitable  sweeping  boards 
attached  to  a  spindle  or  striking  bar  for  objects  of  circular 
section  moulded  vertically.  The  latter  are  used  much  in 
the  same  way  as  in  sweeping  surfaces  for  sand  moulding. 
They  are  employed  for  both  cores  and  outsides. 

Any  projecting  parts  of  the  casting  are  made  by 
embedding  complete  patterns  of  those  parts  in  the  mould 
while  building,  being  so  set  that  the  sweep  clears  them 
properly.  By  this  means  many  apparently  impossible 
forms  are  fashioned  by  strickles. 

Appliances. — All  the  ordinary  tools  are  employed,  but  in 
loam-moulding  contrivances  for  using  strickles  and 
sweeps  acquire  greater  importance  than  in  sand 
moulding. 

For  moulds  and  cores  of  circular  section  built  verti- 
cally, the  sweeping  boards  are  attached  to  arms  projecting 
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from  a  central  spindle  of  the  necessary  height,  working 
in  a  socket  or  footstep,  and  it  may  or  may  not  be  steadied 
from  the  top.  The  boards  can  be  adjusted  to  any  con- 
venient height  and  are  capable  of  being  revolved  through 
a  complete  circle. 

Figs.  153  and  154,  show  some  fittings  for  such  purposes . 

Fig.  153  is  a  long  socket  and  spindle  for  deep  moulds 
and  cores,  and  heavy  sweeps.  A  is  a  circular  casting  with 
a  central  pillar  B,  supported  by  the  struts.  The  hole  for 
the  reception  of  the  spindle  is  made  by  casting  the  socket 
round  the  end  of  the  spindle,  previously  turned  up  true 
over  its  whole  length.  In  this  way  accuracy  of  fit  is 
obtained  and  the  hole  is  chilled.  The  spindle  is 
knocked  out  while  hot.  Sockets  with  deep  holes  such 
as  this  and  that  shown  in  Fig.  154,  a,  are  not  intended  to 

receive  spindles  that  re- 
volve bodily.  The  straps 
carrying  the  sweeping 
boards  revolve  resting  on 
collars  fixed  at  suitable 
heights  on  the  spindle. 
When  the  spindle  is  to 
revolve  sockets  like  Fig. 
154,  b,  are  employed.  The 
hole  being  cored  out  and 
B  bored  to  fit,  the  end  only 

of  the  spindle  need  be 
bluntly  conical,  so  as  to 
fit  in  the  centre  of  the 
hollow.  The  taper  of 
the  end  of  the  spindle 
must  be  greater  than 
the  hollow  in  which  it 
rests. 

The  bases  of  such 
sockets  are  often  pro- 
vided with  bolt-holes,  by 
which  they  may  be 
secured  to  a  large  plate 
or  frame,  bedded  in  the 
foundry  floor,  so  as  to 
have  a  base  firm  enough 
to  do  without  staying  in 
FIG.  153.  any  other  way.  The 
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struts  C,  besides  forming  a  support,  prevent  lateral 
movement.  One  form  of  socket  that  has  been  suggested 
has  two  clamping  screws  and  a  wedge  key,  forming  the 
three  angles  of  a  triangle.  This  allows  of  the  spindle 
being  set  vertically,  even  if  the  socket  is  not  true.  By 
adjusting  the  screws,  the  spindle  can  be  set  and  tightened 
up  with  the  wedge. 

In  some  cases,  where  the  pillar  of  the  socket  is  neces- 
sarily long,  it  is  turned,  like  the  spindle,  over  the  whole 
length  above  the  struts,  the  spindle  being  placed  in 
position  while  this  is  being  done.  This  allows  that 
portion  of  it  to  be  used  in  the  same  way  as  the  spindle 
itself,  special  straps  being  provided  for  the  purpose.  In 
this  case  it  is  always  turned  to  a  definite  diameter, 
generally  5in.  or  Gin.  outside. 

These  sockets  have  to  support  the  weight  of  the 
spindle  and  sweeping  boards,  and  must  therefore  have 
sufficient  bearing  surface  to  prevent  sinking,  and  the  floor 
under  and  around  must  be  made  hard.  They  have  also, 
unless  other  means  are  provided,  to  maintain  the  spindle 
in  a  vertical  position  without  swaying.  This  is  especially 
difficult  with  heavy  wide  sweeps. 
The  difficulty  of  keeping  long  spindles 
vertical  is  greatest  in  foundries 
where  ordinary  swinging  cranes  are 
in  use.  These,  except  in  very  sub- 
stantial buildings,  will  often  produce 
such  deviation  when  swung  in  diffe- 
rent positions  as  to  throw  the  spindle 
out  of  truth .  This  applies  more  particu- 
larly to  spindles  that  are  stayed  from 
the  wall  near  the  top.  With  travel- 
ling cranes  this  is  not  so  marked. 

The  spindle  must  be  of  known  definite  diameter, 
preferably  an  even  number  of  inches,  two  or  four,  and 
should  be  accurately  turned  over  its  whole  effective  length. 
Spindles  that  revolve  differ  slightly  in  form  from  those 
that  remain  stationary,  as  has  already  been  noticed.  All 
must  fit  accurately. 

Those  that  are  not  stayed  are  placed  in  position 
by  hand.  Those  that  are  stayed  and  are  in  fixed  posi- 
tions may  be  fitted  with  a  lifting  eye  at  the  top  so 
that  they  can  be  hoisted  clear  of  the  socket  and  mould- 
ing (D,  Fig.  153).  The  spindle  is  stayed  from  the  wall, 
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the  stays  being  secured  by  rag  bolts  G-.      The  block   F 
in  which   it  slides  is  bored  to  fit  truly. 

The  sweeps  are  carried  by  iron  straps,  clips,  or  gudgeons 
provided  with  holes  for  bolting  them  on  (E,  Figs.  153  and 
155).  These  have  a  boss  that  is  bored  to  fit  the 
spindle.  If  the  latter  is  able  to  revolve  they  are 
provided  with  set-screws  for  fixing  the  height.  If  the 
spindle  is  stationary  no  set-screws  are  necessary,  the  boss 
revolving  on  the  spindle.  In  this  case  the  strap  rests 
upon  a  ring  H  which 
is  fixed  in  place,  and 
the  gudgeon  turns  on 
its  upper  face.  It  is 
sometimes  impossible 
to  lift  the  spindle 
when  it  is  necessary 
to  remove  the  strap 
and  board  attached 
to  it,  and  equally 
impossible  to  remove 
the  sweep  without. 
The  strap  shown  in 
Fig.  155,  A,  provides 
for  this  difficulty.  In 
place  of  the  boss,  the 
end  of  the  strap  is 
forked,  and  sliding 
between  the  limbs 
of  the  fork,  and  rest- 
ing upon  it  as  shown, 
is  a  block  A,  which 
with  the  fork  makes 
a  bearing.  The  block  is  held  in  place  by  wedges. 
It  is  possible  to  make  the  block  grip  the  spindle,  or,  if 
arranged  as  shown  by  the  dotted  lines,  it  may  be  simply 
forced  home  and  form  an  easy  circular  bearing. 

One  vertical  surface  of  the  strap  must  be  in  the  same 
plane  as  the  axis  of  the  spindle,  so  that  when  the  sweep 
is  bolted  to  it — its  edge — the  lower  side  of  the  bevel  shall 
be  exactly  radial.  The  bosses  should  be  finished  so  that 
the  board  can  shoulder  up  squarely  to  the  boss  and  the 
diameter  of  the  spindle  and  boss  must  be  accurately 
known. 

Half  the  diameter  is  deducted  from  the  actual  radius 
required  in  measuring  the  length  of  the  sweep  necessary. 
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Sweeps  must  be  fastened  firmly  to  the  straps  and  a 
sufficient  number  must  be  used  to  prevent  the  weight  of 
the  board  from  making  it  drop.  They  must  be  set  by  a 
spirit  level  on  the  upper  edge. 

In  all  deep  core  work  where  the  sweep  has  perforce  to 
be  carried  at  the  length  of  the  arrn,  every  care  must  be 
taken  to  prevent  the  lower  edge  from  falling  inwards.  If 
possible  an  arm  should  be  attached  to  the  bottom  of  the 
board  and  carried  by  a  strap  from  the  spindle  under  the 
core  in  the  same  manner  as  is  done  above  it.  It  may  be 
necessary  to  employ  in  that  case  a  socket  turned  up  out- 
side for  fixing  the  strap. 

Sometimes  spindles  passing  through  deep  cores  are 
steadied  by  the  device  shown  in  Fig.  155,  C.  It  is  bolted 
to  the  middle  of  the  core  grid  so  that  the  spindle  passes 
through  it  into  the  socket  below.  Staples  cast  in  the  top 
flange  serve  to  lift  the  core.  The  hole  in  the  core  through 
which  the  spindle  passes  is  made  up  afterwards  if  metal 
has  to  go  underneath  the  core,  a  bit  of  thin  iron  plate 
being  wedged  over  it  before  applying  the  covering  loam. 

Large  calipers  for  dimensions  and  diameter  strips  are 
required  (B,  Fig.  155).  These  are  used  to  try  whether  the 
diameter  is  being  maintained.  A  semi-circular  cut  to 
encircle  the  spindle  allows  its  ends  to  get  to  the  diameter 
of  the  circle  swept. 

Building. — The  loam  plate  supporting  the  mould  is 
first  placed  in  position  in  the  pit  resting  on  the  supporting 
cross  bars  if  the  mould  is  to  be  dried  in  situ,  or  resting 
on  blocks  or  other  supports  if  the  mould  is  to  be  dried  in 
the  stove.  It  is  carefully  levelled.  If  the  mould  is  to  be 
struck  up  with  sweeps  the  socket  for  the  spindle  is,  unless 
a  permanent  fixture,  first  put  in  position  in  the  floor  and 
levelled.  If  in  the  pit  a  plank  with  a  bush  to  steady  the 
top  of  the  spindle  may  be  laid  across  it  and  secured. 
Circular  moulds,  such  as  cylinders,  &c.,  for  which  sweeps 
are  employed  are  usually  hollow,  and  the  loam  plate  is 
annular  in  form.  Thus  the  spindle  can  pass  through  the 
opening  in  the  plate  into  the  socket  in  the  foundry  floor. 

The  surface  of  the  plate  is  carefully  cleaned  from 
dust,  loose  rust,  or  anything  that  would  reduce  the 
adhesion  of  the  loam.  A  coating  of  clay  wash  may  be 
given,  and  then  a  uniform  layer  of  loam  put  on  and 
levelled.  The  loam  plate  is  generally  covered  by  two 
courses  of  bricks  covered  with  an  inch  of  facing  loam 


LOAM   MOULDING.  321 

between  it  and  the  pattern.  The  lower  course  is  laid  on 
the  Foam  covering  the  plate,  so  as  to  leave  spaces 
Ijin.  wide  between  the  bricks,  which  are  set  so  as 
to  break  joint  as  in  ordinary  building.  For  the  narrower 
circles  of  bricks  halves  and  pieces  are  used,  in  order  to 
get  the  turn  without  leaving  unnecessarily  wide  joints. 
The  spaces  are  packed  with  ashes,  coarse  sand,  or  loam 
rubbish  for  venting  purposes.  Another  coat  of  rough 
loam,  or  a  mixture  of  loam  and  ashes,  is  then  applied, 
and  the  second  course  of  bricks  laid.  If  sharp  sand  loam 
is  used  the  joints  of  these  are,  on  account  of  its  better 
venting  properties,  only  lin.  apart,  but  if  finer  loam  is 
used  about  l^in.  separates  the  bricks.  This  space  is 
filled  with  common  loam  if  coarse,  with  a  mixture  of 
loam  and  cinders  if  fine,  and  in  the  latter  case,  before 
applying  the  facing  loam  which  is  to  form  the  surface  of 
the  mould,  the  top  of  the  bricks  is  freely  sprinkled  with 
hay  or  straw  to  assist  venting.  The  fine  loam  may  then 
be  applied  and  the  surface  swept  up. 

If  only  one  layer  of  bricks  be  used  the  treatment 
practically  corresponds  to  the  making  of  the  second 
layer. 

When  a  pattern  is  to  be  used  the  bed  is  wholly  or  partially 
dried,  unless  the  pattern  has  a  flat  bearing  surface.  If  it 
only  rests  on  portions  of  its  base  those  portions  only  will 
be  built,  and  must  be  dried  so  as  to  be  hard  and  un- 
yielding. In  such  cases  the  moulder  will  decide  how 
much  work  may  be  done  before  placing  the  pattern  in 
position. 

If  striking  boards  are  to  be  used  they  are  put  in 
position,  adjusted  for  height,  and  accurately  levelled  with 
a  spirit  level  on  the  upper  edge.  The  building  of  the 
sides  is  then  proceeded  with,  such  seatings,  draw- 
backs, &c.,  being  made  as  may  be  necessary  from  the 
shape  of  the  casting.  In  every  case  where  a  parting  is 
necessary  the  loam  used  should  be  as  stiff  as  is  consistent 
with  its  proper  adhesion,  cohesion,  and  working,  and  the 
walls  of  partings  should  be  stiffened  by  partial  drying. 
Parting  sand  applied  wet  to  the  face  for  vertical  joints 
makes  a  good  parting.  The  bedding  of  the  drawback 
plates  on  stiff  loam  must  be  carefully  attended  to,  in 
order  that  they  may  show  no  tendency  to  move  in  the 
building  of  other  parts. 

The  thickness  of  the  brick  wall  forming  the  sides  of 
the  mould  depends  on  the  size  and  depth  of  the  casting. 

Wi 
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For  small,  straightforward  work  with  flat  sides,  a  single 
thickness  of  brick  may  be  used. 

For  circular  work  and  for  all  heavier  work  the  wall 
will  be  two  bricks  thick. 

These  are  built  up  on  similar  lines  but  with  less 
accuracy  than  ordinary  brickwork,  attention  being  paid 
to  the  uniformity  of  bedding  (all  bricks  in  a  course 
to  be  level) ;  the  distance  of  the  face  of  the  brick  from  the 
pattern ;  the  bonding  of  the  brickwork ;  the  uniformity 
of  the  size  of  bricks  in  a  course  ;  the  thickness  of  the  loam 
between  the  bricks  and  its  stiffness ;  the  proper  support, 
both  while  building  and  when  casting ;  the  venting  of 
the  mould  ;  facilities  for  the  withdrawal  of  patterns, 
placing  cores,  and  closing  the  mould  for  casting. 

Level  brickwork  is  necessary  to  secure  equality  of 
thickness  in  the  loam  between  the  courses.  Only 
reasonable  care  is  necessary.  Thick  joints  and  soft  loam, 
especially  if  the  amount  of  clay  is  considerable,  may  alter 
the  shape  and  dimension  of  the  mould  when  drying,  and 
while  building,  when  moulding  against  a  pattern.  Any 
contraction  that  may  occur  is  greatest  where  the  loam 
is  thickest,  and  may  lead  to  the  loam  falling  away  from 
the  outline,  or,  if  the  outline  be  retained,  separating  from 
the  brick  supports.  In  the  latter  case,  although  it  would 
not  be  perceptible,  and  would  probably  remain  undis- 
covered, the  pressure  of  the  metal  might  force  it  back 
when  the  mould  is  filled,  either  endangering  the  casting 
or  altering  its  thickness. 

In  building  against  a  pattern  the  facing  loam  is 
applied  as  the  building  is  in  progress,  so  that  the  pressure 
used  in  placing,  or  the  weight  of  the  upper  courses,  may 
cause  the  bricks  to  settle  away  from  the  pattern  if  too 
much  loam  be  used  for  bedding,  or  if  the  loam  be 
soft.  When  the  pattern  is  removed  these  hollow  places 
can  be  seen  in  the  face,  and  have  to  be  made  good, 
necessitating  a  much  greater  amount  of  work,  and, 
as  previously  noted,  reducing  the  accuracy,  owing  to  the 
difficulty  of  adding  exactly  the  right  amount.  Added  to 
this,  the  interference  with  the  character — caused  by  the 
carding,  wetting,  and  application  of  fresh  loam,  which  is 
always  finer,  at  anyrate  the  portion  that  adheres  is — of 
the  loam  face  locally,  makes  the  possibility  of  scabbed 
and  unsound  castings  greater. 
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The  thickness  of  loam  on  the  face  of  the  buildings 
should  not  exceed  lin.,  in  fact,  many  loam  moulders 
make  the  limit  }in. 

The  first  rough  coating  equal  to  two-thirds  of  the  whole 
thickness  in  swept  work  is  applied  and  allowed  to  stiffen 
before  "  skinning  up  "  with  finer  loam.  With  rough,  sharp 
sand  loam  there  is  much  greater  difficulty  in  skinning 
up,  as  the  mould  cannot  be  finished  wet  and  has  to  be 
dressed  after  drying.  Opposite  core  irons  and  building 
plates  the  loam  will  be  somewhat  thicker,  as  the  edges 
of  these  should  be  kept  back  from  Jin.  to  {in.  from  the 
face  of  the  bricks.  The  crevice  enables  the  loam  to  get 
hold  of  the  brickwork. 

The  selection  and  spacing  of  the  bricks  and  pieces  to 
secure  proper  bond,  and  to  finish  with  flat  surfaces  at 
drawback  joints,  gives  stability,  and  everything  that 
makes  for  stability  is  beneficial.  The  proper  and  regular 
disposal  of  the  vertical  joints  opposite  the  mould  face 
influences  the  venting  to  a  considerable  extent,  and  the 
advantage  of  using  portions  of  bricks,  enabling  frequent 
joints  to  be  made,  and  at  the  same  time  making  the  layer 
of  facing  loam  of  uniform  thickness,  is  apparent.  When 
portions  of  bricks  are  used  the  width  of  the  spaces 
between  the  bricks  may  be  diminished.  The  frequency 
of  the  joints  compensates  for  the  reduction  in  size. 
Ashes  and  similar  materials  are  used  in  the  vertical  joints 
as  in  covering  the  loam  plate,  enough  loam  being  mixed 
to  hold  them  properly  in  place.  The  bricks  are  clay 
washed  or  wet  according  to  condition  to  secure  adhesion 
of  the  loam.  Firebricks  are  used  with  fine  loams,  but 
common  bricks  are  often  used  with  the  coarser  kinds. 
Besides  making  the  venting  much  more  perfect  and 
reliable,  the  porous  material  used  in  the  joints,  stiff 
building  loam,  and  the  rougher  loam  used  as  the  first 
coat,  enable  the  mould  to  be  dried  much  more  readily 
than  finer  loam  would. 

The  outer  wall  is  built  of  the  whole  bricks  as  far  as 
possible,  and  is  thus  a  stronger  support,  for  which  purpose 
it  exists. 

As  previously  noted,  loam  bricks  are  substituted  in 
places  where  fracture  is  feared  and  to  secure  better 
venting  and  adhesion  of  the  loam.  Ordinary  bricks 
should  not  be  brought  too  near  the  surface,  nearer  than, 
say,  Jin.  to  fin.  in  exceptional  circumstances,  as  the  thin 
coating  of  loam  is  readily  detached  unless  unusually  good. 
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The  importance  of  regular  building  cannot  be  too  greatly 
emphasized.  Scabbing  from  this  cause  is  certain  where 
metal  falls  from  a  height  on  to  a  surface  that  is  too  thinly 
coated  in  places.  Scabbing  is  most  likely  to  occur  011 
a  flat  surface  where  the  thickness  is  variable.  Beside  the 
venting  through  the  brick  joints  it  is  necessary  in  specially 
difficult  places  to  vent  the  mould  with  the  wire.  Many 
of  these  are  places  that  require  an  extra  thickness  of  loam, 
due  to  some  change  of  form.  They  are  better  dealt  with 
where  possible  by  using  loam  bricks  and  applying  a  coat 
of  green  loam  of  ordinary  thickness.  Fine  close  loam  is 
most  troublesome  in  this  respect.  When  any  doubt 
of  the  venting  exists,  as  in  the  angles  of  a  projecting  rib, 
a  straight  continuous  vent  may  be  made  with  the  wire 
being  drawn  up  as  the  building  proceeds,  or  hay  or  straw 
may  be  laid  against  the  brickwork  so  as  to  make  all 
vertical  joints  communicate.  The  latter  must  be 
free  venting,  care  being  taken  to  secure  this  in  the 
building.  Loam  is  naturally  freer  venting  than  green 
sand  or  dry  sand,  the  moisture  and  ramming  in  the 
former,  and  the  hard  ramming  in  the  latter,  tending  to 
make  them  closer.  L/oam,  not  being  compressed  in  the 
making  of  the  mould,  has  a  more  open  texture  when 
dry. 

The  building  should  be  regular  in  form,  without 
projections.  Neat,  well-built  walls  are  a  mark  of  good 
workmanship.  All  vent  pipes  should  be  kept  inside  the 
building  line,  to  avoid  knocking  and  loosening  that 
might  occur  accidentally. 

Building  plates  are  introduced  as  required.  If 
rammed  up  in  sand  before  pouring,  the  plates  may  be 
introduced  at  every  fifth  course  in  a  shallow  mould ;  in 
a  deeper  one,  every  third  or  fourth  course  in  the  lower 
part.  These  plain  plates  do  not  project  beyond  the 
building. 

The  building  plates  for  moulds  cast  without  ramming 
project  beyond,  and,  if  provided  with  prods  for  the  plate 
above  to  rest  on,  care  must  be  taken  that  they  rest 
evenly.  If  slotted,  the  holes  must  be  immediately  over 
each  other,  and  the  positions  of  the  plates  marked. 

Pattern  pieces  for  projections  on  swept  moulds  must 
be  accurately  spaced,  and  the  brickwork  so  arranged  as 
to  give  the  usual  thickness  of  loam  on  the  sides  of  the 
projection. 
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Trials  with  callipers  and  diameter  strips  are  made 
from  time  to  time. 

In  building  cores  note  must  be  taken  of  the  position 
they  will  occupy  when  the  casting  is  run  ;  whether  in 
the  position  of  building,  or  turned  over.  It  is  not 
advisable  to  turn  over  a  bricked  core  if  it  can  be  avoided. 
When  absolutely  necessary  the  building  plates  and  core 
grids  must  be  firmly  secured  by  rods  or  staples  to  the 
loam  plate  on  which  the  core  is  built,  and  the  cover  plate 
or  grid  strong  and  stiff  enough  to  support  the  weight  of 
the  core  when  inverted.  In  such  cases  the  loam  plate  of 
the  core  becomes  the  cope  of  the  mould,  a  suitable  seating 
being  struck  up  on  it  prior  to  building  the  core. 

In  building  cores  loam  bricks  may  be  used  plentifully 
to  allow  crushing  to  take  place.  The  irons  should  be 
kept  back,  so  that  when  expanded  by  heat  they  shall  not 
interfere  with  the  contraction.  In  lighter  work  1 J  inches 
is  sufficient,  but  in  heavy  work  2j  inches  is  not  too 
much. 

In  heavy  work  the  core  would  be  built  as  a  reverse 
mould,  so  that  it  would  be  constructed  in  position. 
Where  this  cannot  be  done,  owing  to  the  shape,  one 
part  may  be  built  up  on  another,  a  loam  or  sand  thickness 
being  struck  up  on  the  core  and  the  mould  built 
against  it.  When  the  shape  is  suitable,  as  in  forms  which 
are  nearly  cylindrical  or  conical,  the  thickness  may  be 
made  of  loam  and  hayband.  Before  applying  it,  the  core 
is  dried,  blacked  with  wet  blacking,  and  dried.  The 
thickness  has  to  be  similarly  dried  and  blacked,  after 
which  the  building  may  be  proceeded  with.  This 
practice  is  often  followed  for  forms  that  are  not  circular 
in  section  throughout.  Patterns  are  made  of  the  pro- 
jections and  attached  to  the  loam  thickness,  which  thus 
becomes  the  pattern.  They  are  removed  with  the  mould. 
Suitable  partings  can  thus  be  arranged  to  allow  of  the 
removal  of  the  mould  in  sections  from  the  core. 

The  cope  may  be  a  plain  loam  surface,  struck  up  on 
a  flat  iron  plate  with  prods  for  its  retention,  a  suitable 
seating  being  provided  for  centring.  In  other  cases  it 
may  contain  a  portion  of  the  mould.  In  bell  casting,  the 
crown  and  the  cannon  or  ear  (the  part  by  which  it  is 
suspended)  are  moulded  in  the  cope. 

The  mould  is  dried  at  various  stages  when  necessary 
to  stiffen  the  loam,  and  finally  dried  out  prior  to  casting. 
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Loam  moulds  struck  up  with  a  board  are,  after  being 
built  up,  first  "roughed  out."  Loam  is  put  on  the 
surface  of  the  bricks,  and  the  board  is  worked  to  and  fro, 
a  little  way  each  time,  until  the  building  has  been  covered 
with  loam  ;  coarser  material  may  be  used  for  the  back, 
and  finer  sieved  loam  for  the  surface.  The  mould  after 
standing  stiffens  and  becomes  partly  dry.  The  board  is 
cleaned  and  the  fine  loam  applied.  In  sieving  loam, 
especially  if  very  coarse,  it  is  better  to  sieve  the  sand 
before  milling,  and  in  the  case  of  sharp  sand  loam  before 
adding  clay.  If  sieved  afterwards  the  proportion  of  clay 
is  raised  in  proportion  to  the  amount  of  rough  material 
removed.  Many  moulders  prefer  it  to  be  sieved  after 
milling,  but,  as  will  be  seen,  any  apparent  advantage  is 
due  to  the  greater  adhesiveness  and  smoothness  produced 
by  the  increase  in  the  clay  present.  Loam  for  skinning 
is  often  softened  by  adding  water.  Fine  loams  do  not 
require  sieving. 

The  board,  in  finishing,  is  always  turned  in  one 
direction,  the  bevel  leading,  sufficient  soft  loam  being 
applied  to  the  surface  to  obliterate  the  roughnesses  left 
in  roughing.  Fine  natural  loams  are  easily  finished. 
Ordinary  tools  may  be  used  to  finish  the  mould  in  the 
green  state,  and  water  can  be  used  more  freely  than  with 
sharp  and  iron  sand  loam.  When  dry  the  surface  can  be 
rubbed  gently  with  a  piece  of  card  wire  all  over.  This 
breaks  the  unsatisfactory  smoothness  of  the  skin  and 
makes  the  surface  more  porous  and  better  fitted  to  retain 
the  blacking  that  is  applied  wet. 

This  should  be  applied  after  cooling  and  laid  on  as 
evenly  as  possible,  as  it  is  not  easily  sleeked.  It  is  liable 
to  adhere  to  the  tools,  and  is  often  smoothed  on  with  the 
hand  or  a  soft  dry  brush. 

Sharp  sand  loam  is  finished  after  drying.  There  is  much 
greater  liability  to  burn  this  loam  than,  say,  Frith  loam. 
When  burnt  it  produces  scabs  and  washes  up.  Some- 
times it  is  skinned  up  in  the  ordinary  way,  but  when 
this  is  impossible  the  roughed  mould  is  well  carded,  the 
surface  wetted,  and  fine  loam  applied  to  the  desired 
thickness  and  finished  with  sticks — finishing  or  dressing 
sticks — made  to  suit  the  different  parts  of  the  mould. 

This  is  not  so  satisfactory  as  finishing  with  a  sweep, 
as  the  probability  of  irregularity  in  thickness  of  material 
added  is  greater.  It  is  also  more  difficult  to  secure  proper 
adhesion  of  the  added  loam,  and  much  injury  may  ensue 
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when  the  mould  is  filled.  Such  moulds  are,  after  drying, 
ready  to  be  blacked.  This  is  applied  wet,  and  can  be 
sleeked  on.  It  does  not  adhere  to  the  tools  as  in  the 
former  case. 

Blacking    Loam    Moulds  that  have    become   quite  Dry. — The 

blacking  for  the  first  coat  should  be  made  thin  so  as  to 
secure  better  adhesion  by  soaking  in.  It  should  be  painted 
on  well  so  as  to  work  it  into  the  loam.  The  moulder 
must  use  his  discretion  as  to  how  far  this  is  necessary 
and  desirable.  The  succeeding  coats  of  blacking  must  be 
thinned  to  suit  circumstances.  If  the  earlier  coats  are  very 
dry  then  thinner  blacking  must  be  used.  By  finishing 
the  blacking  of  the  separate  portions  or  sections  of  the 
mould  individually  a  good  deal  of  trouble  may  be  saved, 
as  the  later  coats  can  be  applied  before  the  preceding 
one  is  quite  dry.  In  applying  the  blacking  to  a  moist 
surface  painting  must  not  be  resorted  to,  but  the  brush 
should  be  moved  in  one  direction  only,  care  being  taken 
to  lay  it  on  evenly,  and  that  the  coating  underneath  is 
not  rubbed  off.  Similar  care  is  necessary  when  blacking 
moulds  that  have  not  been  dried  sufficiently,  and  thicker 
blacking  may  be  used. 

Closing  the  Mould. — During  the  whole  period  of  making 
the  mould,  the  loam-moulder's  ideas  must  be  concen- 
trated on  the  easy  completion  of  the  final  stages,  so  that 
when  the  mould  is  completed  it  shall  be  readily,  quickly, 
and  strongly  put  together.  To  this  end  he  must  see  that  all 
portions,  small  cores,  &c.,  that  are  likely  to  be  overlooked  are 
quite  ready  and  to  hand,  laid  out  as  conveniently  as  possible. 
All  parts  should  have  been  tried  whether  they  will  fit  prior 
to  closing,  special  attention  being  paid  to  swelled  joints, 
&c.  He  must  have  ready  clay  wash ;  hot  bricks,  plates, 
and  sand  for  quickly  drying  any  application  of  loam  that 
may  be  necessary ;  loam,  stiff  and  free  venting,  so  that 
it  will  dry  readily  ;  fine  wire  nails,  which  can  be  used 
if  necessary  between  joints  in  brickwork  to  secure  loam  ; 
chaplets  made  to  thickness  for  supporting  and  holding 
down  cores ;  bolts,  nuts,  and  washers  for  holding  cores 
and  plates  in  position  ;  vent  pipes,  spanners,  cover  plates 
for  joints  if  the  mould  is  not  being  rammed,  and  the 
necessary  thickness  sticks  for  setting  the  cores.  The  latter 
must  be  very  carefully  set,  noting  and  checking  the  thick- 
nesses, particular  care  being  taken  that  they  rest  evenly 
and  properly  and  that  no  crushing  takes  place.  This 
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should  be  ascertained  step  by  step,  so  that  crushing  may 
not  occur  when  finally  binding  the  mould.  Better  a 
fin  than  a  crush,  is  a  maxim  that  must  hold  good  here  as 
well  as  for  the  dry-sand  moulder,  care,  of  course,  being 
taken  that  a  fin  does  not  mean  a  leak. 

Any  part  not  fitting  well  must  be  altered  by  rubbing 
or  filing  away  the  obstruction,  or  by  the  addition  of  a 
suitable  thickness  of  loam  if  too  small.  These  additions 
must  be  carefully  made  and  dried  without  delay.  Holes 
left  to  get  at  the  lifting  eyes  of  the  core  iron  for  slinging 
the  core  must  be  made  up  and  dried  with  hot  plates,  and 
any  openings  in  the  side  of  the  outer  building  left  for  the 
purpose  of  sighting  the  cores  in  place  must  also  be  closed. 

When  chaplets  are  used  in  setting  the  cores,  care 
should  be  taken  to  see  that  they  are  of  the 
exact  size  required  for  the  thickness.  If  any  are  too 
large  the  binding  will  produce  a  crush  and  spoil  the 
casting.  Chaplets  used  for  holding  down  require 
similar  careful  attention.  As  the  use  of  a  thickness 
stick  is  not  possible,  the  core  may  stand  too  high  in 
the  mould  and  the  upper  space  be  too  narrow,  so  that  on 
putting  on  the  chaplets  and  the  cope  the  core  would  be 
crushed.  This  can  be  avoided  by  using  pieces  of  well- 
tempered  clay  at  the  points  where  it  is  proposed  to  place 
the  chaplets  and  lowering  the  cope  into  position.  The 
chaplets  can  then  be  set  to  the  exact  thickness  indicated 
by  the  clay,  or  such  alterations  made  as  maybe  desirable, 
e.g.,  the  core  may  be  lifted  and  the  chaplets  underneath 
changed  or  altered.  In  using  ordinary  chaplets,  whose 
length  rises  regularly  by  ^in.,  if  the  chaplet  is  a  little  too 
full  the  surface  of  the  cores  is  rubbed  down,  and  if  too 
short  a  small  piece  of  tin  may  be  placed  underneath  to  lift 
it.  Similar  care  must  be  taken  in  setting  cores  at  proper 
distances  apart.  All  vents  must  be  looked  to  and  made 
secure,  also  openings  for  gates  and  risers. 

Securing  the  Mould. — All  cores  must  be  properly  secured 
in  place,  as  in  Fig.  156.  Here  the  web  in  the  middle  of 
the  speed  cones  necessitates  the  division  of  the  core  into 
two  parts.  The  lower  is  anchored,  as  shown  by  the 
bolts  K  and  L,  to  the  eye  bolts  of  the  core  grid  and  the 
upper  part  is  suspended  from  the  core  plate,  which  also 
forms  the  cope  by  G  G.  The  spindle  core  F  is  separate, 
and  is  set  last.  The  method  of  binding  the  mould 
externally  will  depend  on  the  size  and  the  method  of  casting. 
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Wrought-iron  loops  of  rectangular  form  may  be  passed 
over  the  ears  of  the  bottom  and  top  plates,  and  wedged 
closely  as  shown  in  Fig.  156.  Where  the  mould  is  built  in 
a  pit,  and  the  bottom  plate  is  strengthened  by  transverse 
bars,  the  projecting  ends  of  these  may  be  similarly 
connected  to  bars  lying  across  the  top  plate,  and  methods 
more  or  less  similar  to  those  used  for  holding  down 
heavy  green  sand  copes  may  be  employed,  the  only 
requirement  being  that  the  method  employed  shall  be 
efficient.  All  building  plates  must  be  stayed  opposite 
the  vertical  bars,  and  each  drawback  covered  with  its 
own  plate  daubed  with  loam  to  insure  against  leakage. 
These  plates  must  be  stayed  from  the  binding  bars. 
Where  building  plates  with  holes,  as  previously  described, 
are  employed,  the  bars  must  be  let  down  and  wedged. 
Where  the  snugs  of  the  top  and  bottom  plates  have  holes 
or  slots  for  the  purpose,  5in.  cast-iron  binding  bars  may 
be  used,  having  cotter  holes  at  each  end  through  which 
wedges  are  driven  to  secure  the  mould. 

The  greatest  care  with  the  clamping  and  staying  of 
plates  and  drawback  covers  is  necessary  when  the  mould 
is  to  be  cast  without  ramming,  but  when  rammed  both 
the  building  and  the  staying  is  done  in  a  simpler  fashion. 
Simpler  and  fewer  plates  are  needed,  and  the  possibility 
of  the  mould  giving  way  is  reduced  to  a  minimum.  The 
main  difficulty  in  sand-rammed  moulds  is  with  the  vents. 
These  come  off  more  freely  from  unrammed  moulds. 
Side  vents  are  managed  by  putting  cinders  or  coke  down 
opposite  the  vent  and  bringing  off  the  gases  by  a  pipe, 
similar  arrangements  being  made  for  all  vents  under- 
neath the  mould.  With  reasonable  care  there 
need  be  no  difficulty  with  the  vents.  If  danger  of 
explosion  is  anticipated  the  vent  pipe  may  be  divided  and 
fine  wire  gauze  placed  across  the  top  of  the  lower  pipe. 
A  double  thickness  is  best.  The  other  part  of  the  pipe  is 
then  placed  on  and  rammed.  The  gases  will  not  then  ignite 
behind  the  gauze. 

The  ramming  up  must  be  done  with  reasonable  care, 
the  sand  being  made  compact.  The  extra  labour  entailed 
is  more  than  compensated  for  by  the  greater  security 
from  leakage  and  in  the  saving  in  the  cost  of  plates. 
Plates  for  use  without  ramming  cost  more  to  make  and 
are  heavier  than  when  ramming  is  done.  If  these  be 
stored,  the  metal  thus  locked  up  is  considerable.  When  they 
are  required  frequently  this  objection  disappears  ;  but  the 
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extra  labour  in  handling  the  heavier  plates  and  the  greater 
number  required,  as  well  as  increasing  the  total  weight  of 
the  mould,  remains.  In  jobbing  shops  it  is  obvious  that 
to  store  sets  of  elaborate  plates  in  the  hope  of  repeat 
orders  would  soon  crowd  up  the  space  at  disposal,  beside 
locking  up  capital.  On  this  account  many  foundries 
prefer  to  make  castings  in  dry  sand,  if  possible,  rather 
than  in  loam.  Many  castings  are,  however,  run  without 
ramming,  generally  in  foundries  where  the  practice  has 
become  stereotyped,  and  all  the  necessary  plates,  &c.,  are 
in  stock. 

There  is  one  point  in  which  ramming  up  is  undoubtedly 
the  safest,  that  is  if  the  mould  shows  any  tendency  to 
open  and  leak.  The  pressure  of  the  sand  behind  hinders 
this  and  keeps  the  building  from  moving.  The  large 
amount  of  iron  may  lead  to  local  expansion  of  the  mould, 
or  at  any  rate  some  particular  building  plate,  core  iron  or 
other  support  may  be  either  insufficiently  covered  or  in 
pouring  the  loam  may  drop  off  and  expose  it  to  the  molten 
metal.  Its  high  conductivity  compared  with  the  materials 
of  the  mould  causes  it  rapidly  to  become  hot  and  expand 
much  more  quickly  than  the  mould.  This  tends  to  pro- 
duce fracture  and  displacement  of  the  mould  and  con- 
sequent leakage.  With  a  rammed  mould  the  building 
would  be  supported  and  its  movement  prevented.  So 
long  as  the  heating  of  the  mould  is  uniform  there  is  no 
danger,  but  when  one  part  becomes  much  more  rapidly 
heated  than  another  trouble  is  inevitable.  Breakouts  of 
this  kind  are  not  due  to  simple  pressure  but  may  arise 
either  in  the  manner  stated  or  by  the  metal  finding  its 
way  into  or  through  some  imperfectly  closed  joint  and,  by 
heating  some  of  the  metal,  disturb  or  lift  the  building 
with  the  consequent  ruin  of  the  mould  and  casting. 

Moulds  for  casting  cannot  be  too  dry  or  too  hot,  and 
wherever  possible  they  should  be  cast  while  they  retain 
sufficient  heat  to  prevent  deposition  of  moisture  in  the 
face.  Various  devices  for  drying  and  heating  the  mould 
have  been  suggested,  including  hot-air  arrangements  in 
which  heated  air  is  led  into  the  mould.  This,  though 
correct  in  theory,  works  out  badly  in  practice  owing  to 
the  difficulty  of  securing  proper  distribution.  With  some 
moulds  it  may  be  admirable,  but  with  those  in  which  the 
mould  is  divided  up  it  is  a  failure  and  has  been  almost 
abandoned.  The  difficulty  is  in  applying  the  hot-air 
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current  to  the  difficult  places  where  trouble  is  most  likely 
to  occur. 

Teeming. — Loam  moulds  are  always,  unless  special 
difficulties  present  themselves,  run  from  the  top.  The 
general  advantages  of  top  gating  have  already  been  dealt 
with  under  that  heading.  In  loam  moulds  it  also  enables 
the  gates  to  be  more  readily  connected  in  making  the 
head.  The  special  difficulties  occur  when,  owing  to  the 
form  of  the  casting,  the  metal  cannot  fall  directly  to  the 
bottom  of  the  mould.  The  danger  of  the  loam  coating 
on  the  projections  leaving  the  bricks  is  too  great.  It 
would  have  to  withstand  the  wash  of  the  metal  till  the 
space  under  the  projection  is  filled.  This  difficulty  would 
be  greater  when  the  mould  was  quite  cold.  In  cases 
where  no  direct  fall  can  be  obtained,  or  where  a  sufficient 
number  of  runners  to  fill  the  mould  quickly  enough  cannot 
be  arranged  for,  the  casting  is  either  run  from  the  bottom 
or  is  run  partly  from  the  bottom,  and  finished  from  above. 
The  weight  of  metal  admitted  below  is  sufficient  to 
raise  the  level  above  the  projections  causing  the  difficulty 
before  the  top  gates  are  opened. 

The  numbers  and  sizes  of  gates  will  depend  on 
circumstances,  and  all  the  requirements  laid  down  in  the 
chapter  on  gating  must  be  fulfilled,  the  situation,  distri- 
bution, prevention  of  the  sides  of  the  mould  being 
scoured  by  the  hot  metal,  and  all  other  particulars 
receiving  attention.  The  metal  must  fall  clear  of  the 
sides.  In  all  cases  gates  should  be  kept  as  compactly 
together  as  the  moulds  will  allow. 

Bodies  with  vertical  sides  are  run  down  the  thickness, 
and  run  rapidly  enough  to  prevent  the  splashes  on  the 
sides  from  cooling  so  as  to  prevent  proper  amalgamation 
with  the  incoming  metal  by  being  melted  into  its  mass. 
Cylindrical  bodies  that  require  either  to  be  bored  or 
turned  up  outside  give  the  best  results,  with  top  gating 
cleaner,  sounder  castings  being  obtained.  This  applies  to 
both  rolls  and  cylinders.  The  gates  are  spaced  at  equal 
distances  round  the  barrel. 

The  distribution  of  the  gates  will  determine  the 
lengths  of  the  gutter  or  gutters  necessary  to  feed  them  in 
filling  the  mould.  They  should  consequently  be  kept 
together  as  much  as  is  convenient  to  reduce  the  amount 
of  metal  required  in  running  the  casting. 


LOAM   MOULDING.  333 

The  heads  may  be  formed  of  sand  in  the  usual 
manner,  or  a  gutter  may  be  built  of  bricks  and  loam  on 
the  top  part.  This  is  made  9in.  to  12in.  high.  The 
metal  is  conveyed  by  this  to  the  smaller  gates.  It  is 
cleaner  than  sand.  Sometimes  the  gates  are  connected 
by  constructing  a  loam  gutter  on  the  top  plate.  Wooden 

Eatterns  of  a  suitable  sectional  area  (e.g.,  3  by  2)  and 
mgth  are  bedded  on  loam  on  the  top  plate,  and  the 
sides  built  up  with  a  mixture  of  broken,  dried,  and 
fresh  loam  supported  by  iron  supports.  A  parting 
is  made  level  with  the  top  of  the  wood  pattern, 
and  a  cover  plate  of  proper  size  and  shape  bedded  in 
loam  on  the  top.  After  drying  the  wood  is  removed,  the 
channel  blacked,  and  the  cover  plate  blacked  and  replaced. 
Holes  in  the  latter  allow  the  metal  to  enter  the  gutter. 
These  are  covered  by  a  box  12in.  to  18in.  deep,  of  suitable 
size,  in  which  the  pouring  basin  is  made.  The  bottom 
and  sides  of  the  latter  are  made  in  loam.  Plugs  are 
provided,  as  usual,  and  withdrawn  when  the  basin  is  full. 
The  form  of  the  basin  and  its  value  in  insuring  the 
entrance  of  clean  dense  metal  has  already  been  described. 

It  is  sometimes  necessary  to  divide  the  channels  into 
two  groups  and  have  a  pouring  basin  for  each,  such 
considerations  as  risers,  &c.,  preventing  the  joining  to- 
gether of  all. 

The  whole  question  resolves  itself  into  making  the 
heads  as  carefully  as  the  mould  itself.  It  is  useless  to 
take  the  most  extreme  care  with  a  mould  and  then  rush 
the  heads  together  anyhow,  so  that  detached  dirt,  or 
some  that  has  fallen  in  the  open  channels,  may  be  swept 
by  the  metal  into  the  mould.  Pouring  must,  as  has  been 
before  pointed  out,  be  done  quickly  and  without  halting. 
There  is  less  trouble,  however,  in  this  respect  than  with 
sand  moulds.  Some  moulders  on  this  account  are,  how- 
ever, inclined  to  rely  too  much  upon  it.  Loam  work  is 
commonly  of  large  size,  and  unless  the  gates  are  corre- 
spondingly large  fills  slowly.  It  is  hardly  possible, 
especially  in  deep  work,  to  unduly  increase  the  size  of 
the  gates,  as  the  fall  of  the  metal  from  the  greater  height 
would,  by  its  momentum,  severely  try  the  strength  of  the 
mould. 

In  placing  gates  some  attention  must  be  paid  to  the 
possibility  of  the  rise  of  the  metal  in  the  mould  being 
temporarily  arrested  by  the  filling  of  some  larger  pro- 
jections. This  might  in  extreme  cases  lead  to  partial 
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solidification  of  the  top,  and  produce  an  ugly  mark  or 
even  a  cold-short.  If  a  top  gate  be  placed  above  that 
part  this  would  be  avoided. 

The  result  is  that  especially  in  ribs  and  horizontal 
webs  the  amalgamation  of  the  metal  in  the  middle  or 
centre  is  apt  to  be  imperfect.  The  metal  rising  up,  the 
vertical  portions  carrying  up  all  the  refuse  it  may  have 
gathered  rises  level  with  the  top  of  the  cores,  and  flows 
over  its  flat  surface.  The  advancing  face  of  the  metal  is 
cooling  as  it  rolls  forward  towards  the  middle,  and  may 
be  oxidising  too.  If  when  the  two  or  various  streams 
from  opposing  sides  meet  it  is  not  lively  enough 
to  flow  together,  or  if  dirt  intervenes  and  makes  that 
impossible,  the  casting  is  bound  to  be  leaky  and  unsound 
at  that  place.  All  horizontal  divisions  are  liable  to  similar 
trouble,  as  they  become  stagnant  when  filled,  and  no 
current  of  metal  can  be  established  to  wash  out  dirt  or 
insure  proper  junction  of  one  stream  with  another,  and 
the  success  that  has  attended  the  making  of  some  castings 
in  green  sand  that  were  formerly  only  attempted  in  loam, 
is  due  to  the  life  of  the  sand  assisting  the  flow  of  the 
metal.  There  is  no  such  assistance  in  a  loam  mould, 
nor  on  the  other  hand  is  there  the  drawback  of  moisture. 
It  may  be  taken  for  granted  that  the  further  the  metal  has 
to  flow  across  or  around  a  surface  and  the  more  heat  and 
rapid  filling  will  be  required.  This  is  one  of  the  im- 
portant arguments  in  favour  of  top  running.  Chaplets 
and  the  method  of  treatment  to  insure  soundness  have 
been  already  dealt  with.  Where  they  occur  separating 
cores  in  the  manner  instanced  they  are  difficult  to 
negotiate,  and  the  greatest  care  should  be  taken. 

Pouring  should  not  commence  till  all  is  ready  and  an 
excess  of  metal  at  hand.  What  is  left  may  be  used  for 
small  moulds  or  even  poured  out  rather  than  be  short. 
Kiser  heads  should  be  made  above  the  risers  to  protect 
them. 

LOAM  PATTERNS. 

It  is  often  possible  to  use  loam  for  producing  castings, 
not  of  cylindrical  or  other  regular  shapes,  without  the 
aid  of  patterns.  Where  only  odd  castings  are  required,  it 
is  much  cheaper  than  making  the  pattern  and  necessary 
core  boxes.  Long  pipe  and  pump- tree  castings  may  be 
instanced.  The  pattern  in  such  cases  would  be  struck  up 
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on  a  core  barrel,  similar  to  the  one  on  which  the  core  will 
be  made,  but  without  venting  strickles  being  used  of  the 
desired  form.  The  pattern  is  dried  in  the  stove,  and 
either  sprayed  with  gum,  oil,  or  other  adhesive,  dried,  and 
then  tarred  or  black  varnished  if  it  is  to  be  used  for 
more  than  one  casting. 

Frequently  only  one  casting  is  required,  and  the  mould 
is  made  by  first  striking  up  and  drying  the  core  in  the 
usual  way.  This  is  black  washed  and  dried,  and  a  coating 
of  loam  strickled  on  equal  to  the  thickness  of  the  casting. 
This  also  is  dried  and  wet-blacked.  If  any  difficulty  is 
anticipated  through  the  thickness  peeling  off  while  being 
handled,  chaplet  nails  may  be  used  to  prevent  it  falling 
away. 

The  core  so  treated  then  forms  the  pattern,  and,  after 
making  the  mould,  the  thickness  can  be  easily  removed, 
being  separated  by  blacking,  and  the  core  after  receiving 
such  attention  as  may  be  required  in  making  up  nail 
holes,  &c.,  placed  in  position  in  the  mould.  This  use  of 
loam  for  thicknessing  is  sometimes  used  in  making  moulds 
where  the  uniformity  of  the  thickness  is  of  great  impor- 
tance, as  in  bell  founding.  The  core  is  built  in  position, 
thicknessed,  and  the  cope  built  against  it  so  that  the 
centralisation  of  the  core  is  certain. 

Most  loam  patterns  require  completing  by  the  addition 
of  flanges  and  other  projecting  parts,  such  as  feet,  &c. 
These  are  commonly  made  in  wood  and  attached  to 
the  pattern  as  in  ordinary  cases. 

Some  difficulty  is  encountered  in  securing  them 
owing  to  the  friable  character  of  loam.  Nails,  skewers, 
screws,  and  wood  embedded  in  the  pattern,  &c.,  form, 
with  the  exercise  of  a  reasonable  amount  of  care,  suitable 
methods  of  attachment ;  but  it  is  always  necessary  to  see 
that  no  undue  rough  handling  takes  place. 

Where  flanges  are  applied,  it  is  very  important  that 
the  loam  face  to  which  they  are  applied  is  true.  It  must 
be  filed  flat  after  drying,  and  tested  to  insure  the  pattern 
flange  shouldering  properly  up  against  it. 

Pipe  bends  and  elbows  and  diminishing  sockets  offer 
a  considerable  field  for  the  display  of  ingenuity  to  avoid 
making  patterns. 
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Simple  elbows  with  or  without  socket  ends  may  be 
made  in  various  ways.  A  special  core  iron,  divided  at 
the  elbow,  may  be  employed,  the  two  limbs  being  provided 
with  some  device  for  joining  them  together  by  a  bend  of 
the  required  angle. 

A  convenient  method  is  shown  in  Fig.  157.  Each  of  the 
straight  limbs  of  the  elbow  has  at  one  end  an  X- shaped 
piece  A  firmly  wedged  in  or  otherwise  secured.  In 
running  up  the  core  in  the  ordinary  way  this  may  be 
covered  for  turning  on  the  trestles,  so  as  to  provide  a 
trunnion.  The  projecting  arms  of  the  cross  are  pierced 
to  allow  of  the  introduction  of  cotters. 


FIG.  157. 


FIG.  158. 


The  bend  has  guides  B  cast  inside  the  pipe,  which 
insure  the  arms  of  the  cross  going  in  straight  into  place. 
Holes  in  the  bend  allow  cotters  C  to  be  driven  and  so 
secure  the  bend  and  parts  rapidly  together.  The  making 
of  the  core  bend  can  then  be  proceeded  with  while  the  core 
is  green.  During  the  sweeping  up  of  the  bend,  the  ends  of 
the  arms  rest  on  supports  and  the  bend  rests  at  D  on  the 
top  of  a  rod,  which  may  rest  in  one  of  the  holes  of  the 
bar,  or  may  be  shaped  so  that  the  bar  rests  in  it.  The 
two  straight  lengths  may  be  run  up  together,  being  joined 
by  a  little  connection  having  ends  shaped  like  the  bend. 
These  are  separated,  the  bend  iron  put  in  place,  cottered 
up,  and  the  pattern  bend  made  by  one  or  other  of  the 
methods  that  follow.  The  above  method  allows  the  socket 
ends  to  be  made  without  difficulty  when  making  the  straight 
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limbs.  Flexible  connections  may  also  be  used.  If  there 
are  no  straight  limbs,  or,  often,  even  if  there  are,  the  bend 
may  be  made  as  follows  : — 

A  strickle  is  provided  of  the  form  shown  at  A,  Fig.  158. 
This  is  moved  to  and  fro  longitudinally,  and  is  thus 
capable  of  shaping  half  the  circumference  of  the  pipe. 
It  is  guided  by  the  notch  (check)  B  working  against  a 
guide  iron,  bent  to  shape,  and  which  is  held  down  while 
the  pattern  or  core  is  being  swept.  The  strickles  used 
for  the  core  and  for  strickling  on  the  pattern  thickness 
work  against  the  same  iron,  the  notch  B  being  made  of 
different  depths,  equal  to  the  thickness  of  metal  required. 

Unless  the  straight  parts  are  run  up  separately  and 
connected  by  a  bend,  one  half  of  the  core  or  pattern  is 
made  at  a  time,  and  the  two  joined  together. 


FIG.  159. 

The  core  for  a  small  pipe  is  only  stiffened  by  rods  in 
the  ordinary  way,  and  the  vent  is  either  made  with  wax 
vent  and  melted  out  in  drying,  or  a  vent  is  cut  along  the 
back  of  each  half  of  the  core  when  dry,  and  before 
placing  them  together. 

Larger  cores  require  much  more  careful  venting.  With 
moderate  sized  ones  a  loose  sand  core  that  can  be  removed 
is  made  in  the  centre,  so  as  to  leave  a  clear  way  through 
the  cores. 

If  the  legs  are  of  equal  length  and  similar,  the  two 
halves  may  be  made  in  the  same  position,  and  joined 
together.  (See  Fig.  159.)  The  two  halves  being  each 
made  in  the  same  position  as  shown,  if  A1  and  A  be 
placed  together  they  will  fold  together  like  a  book  and 
form  a  complete  cylinder.  With  limbs  of  unequal  length, 
it  only  requires  that  the  limbs  shall  be  stopped  at  the 

Xi 
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proper  length  and  the  halves  revolved  into  position  as 
before.  If,  however,  the  ends  are  of  different  formations, 
means  must  be  adopted  to  fashion  them  separately. 

The  body  part  is  made  in  a  fashion  depending  on  the 
size.  Small  ones  are  made  by  fixing  the  guide-iron,  bent 
to  shape,  firmly  on  a  hard  surface  of  sand  or  other  level 
place.  The  ends  may  be  held  with  weights,  staples,  or 
stakes  driven  into  the  ground.  The  latter  can  only  be 
driven  behind  the  iron  bar  so  as  not  to  interfere  with  the 
movement  of  the  sweep,  and  the  former  can  only  be 
placed  at  the  ends  for  the  same  reason. 

A  line  indicating  the  axis  of  the  pipe  is  then  traced 
on  the  surface  at  a  distance  from  the  guide  iron  corre- 
sponding to  C  (Fig.  158)  the  distance  from  the  centre  of  the 
strickle  to  the  inside  of  the  check.  Sand  is  ridged  up  by 
the  hands  along  this  line  so  as  to  form  a  more  or  less  half- 
round  ridge  along  the  line,  and  of  a  size  depending  on 
the  diameter  of  the  pipe.  This  is  made  iirm,  covered 
with  loam,  and  on  it  is  bedded  a  grid  of  suitable  strength. 
The  grid  is  provided  with  prods  and  ribs  to  retain  the 
loam.  Long  heavy  grids  must  be  stiffened  by  longitudinal 
ribs.  Having  well  bedded  the  grid,  loam  is  applied  all  over 
to  within  a  half-inch  of  the  proper  thickness.  This  is 
well  vented  to  the  sand  in  the  centre  by  a  f  vent  wire, 
and  allowed  to  stiffen  or  is  partially  dried.  Afterwards,  the 
finishing  coat  of  loam  is  applied  and  strickled  on  to  size. 
The  core  is  then  dried,  wet-blacked,  and,  if  only  one  casting 
be  required,  thicknessed  as  before,  and  the  mould  made  from 
the  pattern  thus  produced.  Small  ones  may  be  stuck 
together  in  the  ordinary  way,  but  larger  ones  must 
be  held  together  by  nuts  and  bolts  or  in  some  other 
way,  and  provision  must  be  made  for  this  in  making  the 
grids,  the  joints  being  afterwards  made  good.  Loops 
cast  inside  the  grids  are  sometimes  provided  so  that  the 
ends  of  an  ordinary  cramp  can  be  inserted  and  wedged 
with  wooden  wedges.  Two  such  halves  form,  when 
fastened  together,  a  complete  core.  In  putting  the  halves 
together,  care  has  to  be  taken  not  to  crush  the  edge,  and 
the  joints  should  be  carefully  finished. 

It  is  possible  by  moulding  in  boxes  to  make  half  a 
pattern  serve  for  any  number  of  moulds.  The  boxes  must 
be  interchangeable.  A  consideration  of  Fig.  160  will  show 
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that  the  portion  of  the  pattern  A  to  A1  could  be  moulded 
so  that  any  two  halves  would  complete  the  mould.  The 
parts  A  to  B  and  C  are  made  so  that  they  can  be  applied  to 
A  or  A1  as  required.  A  little  consideration  will  show  that 
if  the  boxes  be  accurately  placed,  two  boxes  rammed  with 
those  parts  in  the  respective  positions  will  be  fellows,  and 
may  be  fitted  together  to  form  the  mould.  This  method 
of  treatment  would  reduce  the  labour  in  making  several 
such  bends  in  this  way  to  nearly  one-half,  as  the  appli- 


FIG.  160. 

cation  of  the  thickness  would  only  be  required  once.  All 
the  other  cores  could  be  made  separately.  Where  socket 
ends  and  other  similar  peculiarities  are  to  be  made  this  is 
a  great  consideration. 

Socket  ends  and  other  special  ends  may  be  made  in  a 
number  of  ways.  Sometimes  a  special  pattern  is  made 
for  the  end  and  applied  to  the  strickled  portion.  Where 
a  considerable  number  of  pipes  are  being  made  even  this 
is  cheaper  than  thicknessing  for  each  end.  When  the 
end  is  made  in  loam  two  methods  are  in  use.  Separate 
strickles  similar  to  A,  Fig.  158  are  made  for  each  diameter. 
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Thus,  for  the  ordinary  end  (Fig.  161)  strickles  would  be 
made  for  C,  D,  and  E.  The  ordinary  sweep  would  be 
used  to  clean  up  the  core  or  pattern  to  F.  The  enlarge- 
ment D  would  be  swept  up  with  a  more  or  less  square 
shoulder  as  shown  by  the  dotted  lines,  and  C  E  would  be 
similarly  swept.  When  dry  the  edges  would  be  rounded 
off  with  rasp  and  file,  card  or  glass  paper,  and  the  square 
shoulders  at  D  and  E  sharpened  up  in  the  same  way ; 
in  sweeping  the  ends  a  half-round  board  would  be  applied 
to  enable  the  loam  to  resist  the  pressure.  Another 
method  of  procedure  is  to  apply  to  the  end  of  the  pipe  at 
A,  Fig.  161,  a  semi-circular  board,  or  other  support,  cut  to  the 
widest  diameter  of  the  pipe.  A  strickle  working  on  the 
edge  of  this  and  pressed  firmly  against  it  is  worked 
round  the  pipe  for  the  purpose  of  shaping  the  end. 
Often  the  two  halves  of  the  core  or  pattern  are  joined 
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together  before  this  is  done,  and  the  sweep  is,  of  course, 
circular.  Another  method  for  making  the  ends  of  big 
pipes  is  to  sweep  up  independently  a  ring  of  loam  of  the 
proper  size,  and  to  thread  it  on  the  core  after  placing 
the  two  halves  together.  In  this  case  the  vents  must  be 
attended  to  and  carried  into  the  main  core  vents,  and  the 
ring  well  cemented  to  the  core  at  the  shoulder,  or  the 
casting  will  be  blown. 

When  the  object  is  of  a  gradually  increasing  diameter, 
it  is  obvious  that  it  cannot  be  shaped  in  this  manner  by  a 
single  strickle.  It  is,  of  course,  when  possible  run  up 
with  a  board  in  the  ordinary  way,  but  this  is  sometimes 
impossible.  In  that  case,  separate  strickles  are  made  for 
the  parts  that  have  a  uniform  size  and  shape  for  any 
length,  and  the  intermediate  parts  are  sloped  to  them, 
templates  being  sometimes  provided  for  the  intermediate 
parts. 
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In  long  sweeps  of  uniform  slope  and  in  diminishing 
bends,  &c.,  several  sweeps  may  be  employed,  each  for  use 
over  a  portion  of  the  length,  the  final  shaping  being 
effected  by  rasps,  &c.,  with  the  eye  and  a  straightedge  as 
guides. 

In  sweeping  up  Fig.  162,  for  example,  three  strickles 
would  be  required  for  the  diminishing  part  working  off 
a  straight  guide-iron  parallel  with  the  axis  of  the  limb. 
These  must  correspond  to  the  diameter  of  the  pipe  at 
C,  D,  and  E  respectively.  These  points  are  chosen  as  an 
aliquot  or  other  convenient  part  of  the  length,  and  it  is 
best  in  strickling  thicknesses  for  them  to  represent  where 


FIG.  162. 

possible  a  difference  in  diameter  equal  to  twice  the 
thickness  of  metal.  The  checks  are  all  alike.  Chalk  or 
other  marks  on  the  guide-iron  limit  the  range  of  each 
strickle.  When  this  part  of  the  operation  is  finished, 
the  core  or  pattern  will  present  a  series  of  steps  of  equal 
thickness.  The  widest  is  the  largest  required  dia- 
meter. An  end  plate  equal  in  size  to  the  smallest 
diameter  is  fixed,  and  while  wet  the  loam  may  be  partly 
trimmed  off  so  as  to  rough  out  the  proper  shape.  If  the 
strickles  have  been  properly  used,  the  root  of  each  step, 
A,  AI,  Fig.  162,  is  part  of  the  surface  required,  and  care 
must  be  taken  not  to  get  below  it.  Generally  the  loam 
is  dried  and  finished  by  rasping  and  filing  to  remove  the 
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surplus.  A  straightedge  applied  longitudinally  on  the 
surface  will  show  whether  sufficient  loam  has  been  re- 
moved. Blacking,  &c.,  follows  in  due  course. 

Pattern  thicknesses  are  often  gauged  by  attaching 
wood  strips  of  the  required  thickness  longitudinally 
to  the  core  and  strickling  to  them.  Sometimes  chaplet 
nails,  or  other  similar  simple  attachment,  is  fixed  to 
the  core  at  a  proper  depth,  such  that  the  surfaces 
coincide  with  that  of  the  required  pattern.  The  loam 
is  then  strickled  on  as  before,  rubbed  down,  &c., 
to  thickness  and  black-washed.  For  pattern  thickness, 
however,  a  much  simpler  treatment  may  be  followed. 
Wood  or  iron  semi-circles  of  the  thickness  required  are 
fixed  on  the  pattern,  and  held  in  place  by  nails  driven  in 
on  the  narrow  side.  These  form  guides,  on  which  a 
straightedge  is  revolved  so  as  to  strickle  up  the  surface  and 
render  rubbing  away  unnecessary.  This  does  not  matter 
for  the  pattern  thickness,  as  in  removing  it  to  use  the 
core  in  the  mould  the  guide  rings  are  also  removed. 


CHAPTER^XIli. 

PLATE  AND  MACHINE  MOULDING. 

REFEKENCES  were  made  in  a  former  chapter  to  the  use  oi 
follow-boards  and  odd  sides  to  facilitate  the  making  of 
partings  that  were  not  flat  surfaces,  or  in  dealing  with  a 
number  of  small  detached  patterns  moulded  in  one  box. 
In  small  boxes  the  runners  and  patterns  may  be  joined 
together  and  all  lifted  from  the  mould  together.  With 
larger  boxes  and  with  patterns  of  different  shapes  in  the 
same  group  this  is  not  so  easy,  and  the  runner  sticks  and 
patterns  are  often  separate  and  are  separately  withdrawn. 

Much  economy  is  effected  in  this  way,  and  the  success 
attending  that  method  of  work  stimulated  the  extension 
of  the  principle  to  the  moulding  of  larger  articles  re- 
quired in  considerable  numbers.  The  improvements 
effected  to  render  this  possible  have  reflected  on  the 
methods  of  dealing  with  smaller  work,  and  produced 
almost  a  revolution  in  that  department  of  the  foundry. 

The  principal  difficulties  preventing  rapid  production 
of  moulds  lay  in  the  drawing  of  the  pattern  and  the 
making  of  the  parting.  The  latter  is  got  over  by  the  use 
of  odd  sides,  but  the  former  remains.  Without  guides 
the  withdrawal  is  often  attended  with  some  damage  to  the 
mould,  due  probably  to  some  twist  in  lifting  it  out  of  the 
sand,  or  possibly  a  fault  in  the  amount  of  draught 
allowed  on  the  pattern.  Repairs  to  the  mould  become 
necessary,  and  the  cost  of  production  is  largely  increased. 

Plate  Moulding.— If  the  pattern  be  divided  into  halves 
across  the  parting,  and  one  half  applied  to  each  side  of  a 
plate  with  parallel  sides  of  the  same  shape  as  the  parting, 
it  becomes  possible  to  handle  the  patterns  with  certainty 
and  rapidity,  as  the  plate  can  be  made  to  extend 
beyond  the  edge  of  the  box  and  drilled  to  fit  the  pins. 
Thus  guided,  the  lifting  can  be  done  quickly,  and,  if  the 
patterns  are  satisfactory,  practically  no  mending  should 
be  necessary.  The  interposition  of  the  plate  has  led  to 
the  designation  of  plate  moulding. 

The  method  can  be  adopted  with  all  shapes  of  part- 
ings, as  the  surfaces  of  the  plate  are  parallel,  and  con- 


344 


PLATE   AND   MACHINE   MOULDING. 


sequently  a  box  rammed  on  one  side  will  fit  the  box 
rammed  on  the  other  side.  Reference  to  Fig.  163  will 
make  this  clear.  A  is  a  small  circular  casting  with  an 
ear  for  a  hinge.  The  hole  is  cast  in.  B  is  a  section. 
The  depression  in  the  cover  and  the  hollowness  of  the 
underside  will  be  noted,  as  also  the  position  of  the  ear. 
To  produce  these  necessitates  the  parting  being  made  at 
X  Y  to  allow  the  core  for  the  hole  a,  to  be  set  in  prints. 
With  large  sizes  this  would  take  some  time,  and  with 
small  ones  the  trouble  would  be  very  great  and  make  the 
production  expensive.  With  the  pattern  on  a  plate  the 
difficulty  vanishes.  C,  Fig.  163,  shows  a  section  of  the 
plate.  The  parting  is  permanently  made,  ajid  the  two 


FIG.  163. 

halves  of  the  mould  come  together  perfectly.  The  parting 
passes  through  the  middle  of  the  core  prints,  and  the 
cores  can  be  readily  placed.  Any  convenient  number  can 
be  grouped  on  the  same  plate,  the  runners  being  either 
put  on  the  plate  or  cut  out  with  a  gate  cutter  after  the 
withdrawal  of  the  patterns. 

In  plate  moulding  the  principal  points  requiring 
special  consideration  are  :  (1)  The  perfect  condition  of  the 
patterns.  (2)  The  setting  of  the  parts  that  should  come 
together  exactly  opposite  each  other  on  the  plate,  so  that 
when  the  mould  is  closed  they  shall  be  in  proper  register. 
(3)  So  placing  the  patterns  that  they  shall,  where 
possible,  leave  their  own  cores.  To  ensure  this,  all  box 
parts  must  be  accurately  fitted  and  interchangeable. 

Making  the  Plate. — Pattern  plates  are  made  of  various 
materials,  and  many  methods  are  adopted  in  making 
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them.  Fig.  164  shows  a  pattern  plate  of  wood.  It  is 
intended  to  make  T-pieces  like  Fig.  165.  The  patterns  are 
made  of  wood  in  halves  in  the  usual  manner,  but  with 
long  dowels.  The  patterns  are  set  out  on  the  plate,  and 


FIG.  165. 


holes  drilled  for  the  dowels  to  pass  through.  The  runner 
pattern  A  is  fixed  with  an  upstanding  pin,  on  which  the 
gate  pin  B  fits  loosely.  The  pattern  and  board  are  fixed 
by  glue  and  screwed  together.  The  plate  has  handles 
C  D  that  extend  over  the  side  of  the  box,  and  holes 
E  F  G  are  provided  to  fit  the  pins  of  the  box.  To  avoid 
making  the  pattern  in  halves,  in  work  having  a  definite 
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outline  such  as  a  circle  or  square,  the  patterns  are  made 
thicker  by  ths  thickness  of  the  plate,  and  fixed  by 
putting  in  holes  cut  through  the  plate.  The  exposed 
part  is  equal  to  the  thickness  of  the  casting,  Fig.  166. 
In  this  manner  the  parts  that  must  come  together 
are  sure  to  be  vertically  over  each  other,  so  that 
when  the  box  is  closed  the  two  parts  shall  be  in 
perfect  register.  Plates  thus  made  have  the  usual 
allowance  for  contraction,  but  the  making  of  the  pattern 
is  expensive,  as  a  number  of  patterns  must  be  made. 
Further,  the  plates  themselves  are  more  fragile  than  is 
desirable  where  plate  moulding  is  practised.  Eepetition 
work  of  this  class  is  largely  done  on  piece  work  rates, 
and  many  operations,  such  as  box  ramming  with  the 
feet  and  other  equally  quick,  but  not  altogether  scientific, 
practices  are  not  particularly  advantageous  to  fragile 
patterns. 


FIG.  166. 

Metal  plate  patterns  are  more  commonly  employed, 
and  these  may  be  prepared  in  various  ways.  Halved 
patterns  cast  in  brass  or  in  pattern  alloy  may  be  set  out 
on  a  metal  plate,  drilled  to  secure  exactness  in  fixing,  and 
sweated  to  the  plate  with  solder.  Where  a  set  of  metal 
patterns  on  a  follow-board  or  odd  side  are  in  use,  such 
sets  of  halved  patterns  can  readily  be  made  from  it,  or  if 
a  single  original  pattern  be  made  metal  replicas  can  be 
produced  in  sufficient  numbers.  Double,  or  if  cast  in 
special  metal,  the  necessary  shrinkage  allowance  must  be 
made  on  the  original  pattern,  and  if  cast  from  existing 
patterns  they  must  be  well  rapped  or  otherwise  treated 
to  get  the  necessary  allowance  on  the  double  casting.  A 
good  coating  of  thick  paint  or  varnish  on  small  patterns, 
or  thickening  by  paper  on  thicker  ones,  may  be  used  to 
secure  this.  One  pattern  should  be  first  cast  and  a  cast- 
ing made  from  it  and  carefully  measured  up  before  pro- 
ceeding to  make  the  remainder.  Any  needful  alteration 
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can  then  be  made.  Pattern  plates  built  up  in  this  way 
enable  the  patterns  to  be  properly  finished  and  got  up  so 
as  to  enable  them  to  leave  the  sand  better  and  thus 
reduce  the  cost  of  mending  the  moulds.  For  this  reason 
patterns  of  tap  and  cock  bodies  and  the  like,  and  also 
small  patterns  in  groups,  are  often  put  on  plates  in  this 
way.  This  method  only  applies  to  flat  partings.  Another 
method  is  described  later. 

Where  only  one  pattern  is  put  on  a  plate,  or  where 
the  form  is  simple,  it  is  easily  accessible  to  "  get  up  "  the 
surfaces.  A  much  simpler  method  of  making  the  plates 
may  be  followed. 

The  original  pattern,  of  whatever  material,  is  carefully 
moulded  in  a  box  4in.  longer  and  wider  than  the  pattern 
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FIG.  167. 


plate  is  intended  to  be.  Great  care  is  taken  in  making  the 
parting  both  as  regards  shape  and  accuracy  of  fit,  so  that 
neither  finning  nor  crush  shall  be  possible.  Special  care 
in  getting  the  surfaces  of  the  mould  smooth  and  well 
finished,  but  perfectly  vented,  must  be  taken,  and  the 
strengthening  of  edges  and  corners  by  judicious  ramming 
and  support  repays  for  the  extra  trouble  taken.  Good, 
tough,  close  sand,  with  good  venting,  gives  the  best 
results.  In  making  the  mould  the  runners  would  be  set 
and  the  gate  pin  fixed.  The  mould  thus  prepared  and 
finished  may  be  skin-dried.  A  wooden  frame  is  placed  in 
position  on  the  drag,  so  as  to  have  the  mould  in  the 
middle.  It  carries  projecting  snugs  corresponding  with 
those  of  the  flasks,  and  either  pattern  handles  or  lugs  for 
the  retention  of  wrought-iron  ones  for  which  it  leaves  the 
prints. 
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Sand  is  built  up  to  the  level  of  the  frame,  well  pressed 
down,  and  made  very  firm,  and  a  good  flat  surface  made  as 
shown  in  Fig.  167.  The  straight  edge  is  used  to  ensure  the 
top  surface  being  flat  and  level  with  that  of  the  frames. 
Pieces  of  iron  of  the  same  thickness  as  the  frame  are  set 
at  the  corners  of  the  box  to  prevent  crushing  when  the 
cope  is  put  on.  The  plate  pattern  is  carefully  rapped 
and  drawn.  Where  it  can  be  done  without  difficulty  it 
is  better  to  replace  the  pattern  while  making  the  mould 
for  the  plate  Some  men  make  it  before  withdrawing  the 
pattern,  but  this  is  doubtful  practice,  as  any  necessary 
mending  of  the  edges,  &c.,  cannot  then  be  so  easily  and 
well  done,  especially  if  the  parting  is  level  with  the  top 
of  the  box.  The  parts  are  carefully  placed  together, 
clamped  or  weighted,  and  poured  in  the  usual  manner. 

It  is  a  very  difficult  matter  to  cast  satisfactory  iron 
pattern  plates  of  patterns  with  lifts  deep,  as  compared 
with  their  width  and  general  dimensions,  unless  the 
plate  only  carries  a  single  pattern. 

This  is  due  to  the  difficulty  in  getting  at  the  deep 
parts  to  finish  the  patterns,  so  as  to  ensure  them  leaving 
the  sand  properly.  When  the  casting  is  thin,  and  has  to 
leave  a  deep  core,  the  trouble  is  still  greater.  Plates  of 
such  patterns  are  best  made  by  casting  a  number  of 
separate  patterns  with  an  allowance  for  the  thickness 
of  the  plate.*  This  allowance  must  be  made  at  the  top  of 
the  core,  so  that  the  metal  (if  any)  covering  the  core  is 
thickened  by  the  thickness  of  the  plate.  The  surfaces  of 
the  separate  patterns  can  then  be  finished  as  finely  as 
desired,  and  any  necessary  contraction  alterations  made 
after  making  a  casting  from  the  first. 

The  patterns  are  then  set  out  in  sand  in  a  box  in 
positions  they  are  to  occupy  on  the  plate.  The  parting  is 
made  exactly  where  it  will  come  in  the  actual  moulding. 
In  ramming  up  the  drag  containing  the  patterns  a  frame  is 
placed  round  them  having  the  form  and  thickness  of  the 
intended  plate,  but  not  necessarily  touching  the  patterns. 
It  has  the  handles  and  lugs  as  in  the  former  method. 
The  cope  is  rammed  in  the  usual  manner  with  running 
gate  and  riser. .  After  ramming,  the  frame  is  carefully 
rapped  and  removed,  and  the  sand  cut  away  to  the  depth 
of  the  frame  up  to  the  patterns,  leaving  them  standing 
clear  by  the  thickness  of  the  plate.  The  runners  are  cut 
and  carefully  smoothed,  and  the  mould  skin  dried.  The 
*  See  Fig.  166,  p.  346. 
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patterns  are  left  embedded  in  the  sand,  and  may  be 
dressed  like  chaplets  with  red  lead  and  turps.  When 
teemed  the  metal  must  be  allowed  to  run  through  as 
long  as  any  air  bubbles  or  dirt  can  be  seen,  and  good  hot 
metal  is  necessary.  By  this  means  the  patterns  are  burnt 
in  the  plate,  and,  if  properly  done,  a  highly-finished 
efficient  plate  is  produced. 

Much    of    the    difficulty   with   plate   patterns   is    in 
leaving   the   sand.     In    most   cases   only   the  one  edge, 


FIG.  168. 


the  upper  or  lower,  and  either  the  outside  or  inside, 
is  required  to  be  of  definite  thickness.  By  slightly 
thickening  the  casting  in  the  less  important  part  the 
necessary  taper  can  be  obtained,  and  much  loss  of  time 
in  mending  up  saved.  Many  plate  patterns  are  made  with 
each  half  on  separate  plates  and  moulded  separately. 

Using  plates  is  also  a  saving  in  core  making  and 
fixing.  Often  the  patterns  can  be  so  disposed  that  a 
single  length  of  core  can  be  used  for  all  the  patterns 
on  one  side  of  the  runner  passing  from  end  to  end  of  the 
row.  (Fig.  165,  p.  345.) 
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In  casting  steps  and  other  similar  open-ended  forms, 
the  patterns  are  made  continuous,  being  joined  together 
by  a  thin  section  of  metal.  By  this  means  the  plate 
leaves  its  own  core,  and  when  taken  from  the  sand  the 
castings  can  be  readily  separated.  Fig.  168  will  explain 
how  this  is  done.  The  section  across  A  B  is  thin,  as 
shown. 

Risers  in  Casting  Plates. — Clean  plates  can  be  secured  by 
placing  risers  and  flow-off  gates  at  the  end  opposite  the 
pouring  gate,  and  continuing  the  addition  of  metal  as 
long  as  any  bubbles  or  dirt  can  be  seen.  Some  place  the 
mould  in  a  slightly  inclined  position  with  the  pouring 
gate  at  the  lower  end,  and  a  little  pouring  box  on  top  to 
carry  the  metal  through  the  riser.  This  is  done  to 
prevent  air  or  gas  being  trapped. 

Metal. — The  metal  used  should  be  close-grained,  fairly 
soft  metal,  run  fairly  hot,  and  carefully  skimmed.  Neither 
the  first  metal  from  the  cupola,  nor  the  last,  gives  the 
best  results.  The  former  is  generally  not  hot  enough, 
and  the  latter  is  more  likely  to  be  "  dirty,"  containing 
slag,  &c. 

Sizes  of  Plates. — The  size  of  the  plate  opens  up  two  points 
for  consideration.  Increase  in  size  makes  the  patterns 
heavier  and  increases  the  size  of  box  required.  More  sand 
has  to  be  rammed,  and  the  labour  of  the  moulder  is  greatly 
increased  owing  to  the  weight  of  the  boxes  to  be  lifted. 
Patterns  set  closely  together  and  filling  the  box  within 
half  an  inch  of  the  sides  is  the  most  satisfactory  practice. 
In  such  cases  the  sand  must  be  properly  tempered  and 
tough,  and  a  flat  rammer  with  a  narrow  face  of  some 
length  used  to  ram  between  the  patterns  and  between 
the  patterns  and  the  box  sides.  On  larger  work  some- 
what greater  latitude  must  be  allowed,  but  more  and 
better  work  can  be  done  with  well-made  plates  if  the 
boxes  are  not  too  large. 

Stripping  Plates.— The  use  of  plates  is  not  limited  to 
simple  forms,  where  delivery  of  the  patterns  is  easy. 
Difficult  cases  are  met  by  the  use  of  stripping  plates. 
These  are  made  to  surround  the  patterns  closely,  in  such 
a  manner  that  the  pattern  plate  can  be  drawn  through  it. 
The  patterns  are  made  longer  by  the  thickness  of  the 
plate.  After  the  mould  has  been  rammed  up,  the  plate  is 
rapped  on  the  top  to  start  the  sand  and  then  the  pattern 
lifted,  leaving  the  stripping  plate  on  the  mould.  When  the 
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patterns  have  cleared  this  is  lifted  away.  Injury  to  the 
mould  is  thus  prevented.  This  principle  is  widely  applied. 
Toothed  wheels  and  other  straight  lifts  of  a  similar  type 
may  be  thus  produced.  Worms  can  be  screwed  out 
vertically. 

Stripping  plates  in  special  alloys  can  be  cast  round  the 
patterns.  A  good  coating  of  blacking  should  be  first 
applied  to  the  patterns  to  prevent  adhesion  and  secure 
easy  removal  (see  also  page  372) . 

Many  patterns  or  plates  are  made  with  loose  parts 
to  draw.  Articles  like  Fig.  169  could  not  be  put  on  a 


FIG.  169. 


FIG.  170. 

single  plate  in  the  ordinary  way,  nor  would  it  be  easy  to 
make  the  parting  in  the  usual  place  even  with  two 
plates.  If,  however,  plates  be  made  with  the  parting 
across  the  core,  half  patterns  can  be  mounted  on  the 
plate  as  shown  in  Fig.  170.  The  core  prints  join  the 
bosses  together,  and  at  the  end  of  the  plate  is  a  handle 
by  which  the  patterns  can  be  revolved.  Each  pattern 
stands  over  a  hole  in  the  plate  shaped  like  the  cross 
section  of  the  casting,  and  when  the  handle  is  turned 
half  round  disappears  under  the  plate.  The  two  halves 
are  made  from  separate  plates.  Much  ingenuity  can  be 
expended  on  the  arrangement  of  patterns,  with  which  at 
first  sight  it  appears  impossible  to  deal  in  this  way. 
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In  some  cases,  where  only  limited  numbers  of  castings  are 
required  at  one  time,  the  making  of  separate  plates  for 
each  casting  is,  where  the  parting  is  flat,  avoided  in  the 
following  manner.  The  dowels  in  all  the  halved  patterns 
are  always  made  the  same  distance  apart,  so  as  to  fit  holes 
through  a  permanent  plate,  which  is  generally  of  metal 
and  carefully  faced.  The  dowels  are  so  placed  as  to 
give  a  suitable  disposition  to  the  patterns  on  the  plate. 
This  allows  any  set  of  patterns  to  be  removed  and  others 
applied  as  soon  as  the  required  number  has  been  pro- 
duced. 

MACHINE  MOULDING. 

The  substitution  of  mechanical  appliances  for  hand 
labour  in  moulding  has  now  assumed  large  proportions. 
Core-making  machines  have  already  been  dealt  with. 
The  question  of  whether  work  can  be  most  economically 
done  by  hand  or  by  machine  has  to  be  considered  for 
each  article.  In  the  case  of  flat  simple  work  of  medium 
size  it  is  often  cheaper  to  make  from  plates  by  hand  than 
to  employ  a  machine.  This  applies  particularly  to 
moulds  having  a  flat  cope,  the  mould  being  contained 
in  the  drag.  In  such  cases  the  employment  of  large 
machines  makes  the  initial  cost  very  high,  and  it  is  often 
possible  to  make  a  plate  that  can  be  worked  by  hand, 
containing  a  larger  number  of  patterns,  so  that  while 
the  moulder  cannot  ram  in  a  day  as  many  boxes  as  the 
machine,  he  can  produce  a  greater  number  of  castings. 
In  a  particular  example,  the  plate  for  the  machine  carried 
only  two  patterns,  and  made  80  boxes  a  day.  The  plate 
handled  by  the  moulder  carried  six  patterns,  and  he 
made  40  boxes  a  day,  so  the  machine  made  160  and  the 
man  240  castings  in  the  same  time.  Similar  cases 
frequently  occur. 

Moulding  machines  may  be  divided  into  two  classes. 
Class  1  includes  those  operating  with  pattern  plates  or 
with  whole  patterns,  the  moulding  operations  and 
drawing  of  the  patterns  being  carried  out  entirely  by  the 
machine,  or  partly  by  hand  and  partly  by  machine.  In 
the  latter  case  the  machine  always  withdraws  the  patterns, 
even  if  the  ramming  is  done  by  hand.  The  second  class 
includes  machines  used  for  moulding  toothed  and  other 
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wheels,  in  which  only  a  small  part  of  the  patterns  is  made 
and  fixed  on  the  machine,  which  is  fitted  with  means  to 
secure  its  accurate  repetition  a  sufficient  number  of  times 
to  comple  e  the  whole.  The  pattern  of  a  single  tooth  in 
a  wheel  may  be  thus  repeated  till  the  whole  ring  is 
completed. 

Machines  of  the  first  class  are  now  devised  for  carrying 
out  the  whole  of  the  moulding  operations  on  suitable 
subjects.  They  were  originally  introduced  for  drawing 


FIG.  171. — MOULDING  MACHINE  FOR  ORDINARY  WORK 

the  patterns,  the  greater  evenness,  steadiness,  and 
straightness  of  the  lift  obtained  greatly  reducing  the 
damage  done  to  the  mould. 

All  castings  that  can  be  successfully  made  from  plate 
patterns  can  be  moulded  by  machines,  but  the  type  of 
machine  and  the  proportion  of  the  work  done  by  it  will 
depend  on  the  nature  of  the  casting.  Deep,  straight 
lifts  offer  the  greatest  difficulty  to  the  successful  ramming 
of  the  mould  by  machine,  while  sudden  changes  in  section 
make  the  sand  surface  unequally  hard.  The  difficulty 
of  equally  ramming  the  mould  is  the  principal  one  to  be 
overcome  in  machines  operating  from  plate  patterns. 
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In  all  machines  using  boxes  the  necessity  of  having 
all  box  parts  interchangeable  and  of  fitting  accurately, 
so  that  any  two  corresponding  parts  may  be  fitted  together 
exactly,  will  be  apparent. 

The  essential  points  in  which  the  machines  of  different 
makers  differ  from  each  other  (apart  from  the  special 
forms  made  to  suit  different  castings)  are  the  methods  of 
delivering  patterns,  filling  boxes,  pressing,  or  ramming, 
and  the  arrangements  for  the  conveyance,  attachment, 
and  removal  of  boxes  to  and  from  the  machine.  In 
addition,  many  minor  differences  contribute  to  the 
expedition  with  which  moulds  can  be  made.  The  leading 
points  may  be  thus  summarised  : — 


FIG.  172. — PATTEBN  PLATES  FOR  MOULDING  AXLE  BOXES  AND  CASTING. 

The  patterns  may  be  delivered  (a)  by  some  lifting 
device  for  either  pattern  or  box  worked  by  hand  or 
power,  (b)  By  lowering  the  box  while  the  patterns  remain 
fixed.  In  this  case  the  box  is  carried  by  a  rising  and 
falling  table,  (c)  By  lowering  the  patterns.  In  such 
machines  the  sand  is  rammed  or  pressed  with  the  box 
standing  over  the  patterns,  and  they  are  usually  with- 
drawn through  a  stripping  plate  which  forms  the  parting. 

Stripping  plates  may  also  be  used  with  a  or  b. 

Patterns  may  be  mounted  (a)  on  a  swivelling  plate  or 
frame,  so  as  to  be  rammed  in  the  ordinary  position, 
looking  upward,  and  turned  over  with  the  box  securely 
attached,  for  delivery. 

(b)  The  patterns  may  be  mounted  so  as  to  descend 
through  a  stripping  plate,  which  forms  the  surface  on 
which  the  box  is  rammed. 
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(c)  The  patterns  may  be  fixed  qn  the  upper  and  under 
sides  of  a  hollow  box,  against  which  both  parts  of  the 
mould  are  rammed  or  pressed  simultaneously.       After 
ramming,  the  patterns  may  be  mechanically  withdrawn 
into  the  box. 

(d)  The  pattern  or  half -pattern  may  be  fixed  to  the 
end  of  a  rod  or  ram  having  a  vertical  movement,  operated 
by  hand  or  power,  and  pressed  directly  into  the  sand  to 
form  the  mould. 


FIG.  173. — HAND  MOULDING  MACHINE  WITH  REVOLVING  PATTERN  PLATE 
AND  HYDRAULIC  EXTRACTION  OF  PATTERNS. 

(e)  In  power  machines,  the  pattern  plates  may  be 
fixed  on  the  underside  of  the  press  head,  against  which 
the  ram  forces  the  box.  The  sides  of  the  latter  may  be 
capable  of  sliding  telescopically  as  the  pressure  increases. 

Box  filling  may  be  done  (a)  by  hand,  (b)  from  a 
sander.  A  hopper  placed  above  the  machine  contains 
the  supply  of  sand,  and  the  quantity  is  measured  by 
an  intermediate  sand  frame  so  mounted  as  to  swing  aside 
after  pressing  the  mould. 
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Pressing. — This  is  done  by  hand  levers  (simple  and 
also  compound)  and  by  hydraulic  steam  or  air  pressure 
(a)  upwards  against  a  fixed  head,  the  box  being  mounted 
on  a  table  capable  of  moving  to  and  fro  or  in  a  circular 
direction. 

(6)  Against  a  swinging  head  which  is  brought  verti- 
cally over  to  press,  and  moved  backward  to  allow  boxes 
to  be  placed  in  position  and  removed. 

A  consideration  of  the  many  forms  of  machines  in  use 
is  impossible  in  the  limits  of  this  chapter,  but  the  selected 
examples  embody  most  of  the  points  enumerated  above. 


FIG.  174. — HAND  MOULDING  MACHINE  WITH  REVOLVING  PATTERN  PLATE 
AND  HYDRAULIC  EXTRACTION  OF  PATTERNS. 

Fig.  171  shows  a  moulding  machine  of  general  applica- 
bility. *  It  is  capable  of  doing  any  of  the  ordinary  work 
that  can  be  dealt  with^by  a  moulding  machine.  It  is 
suitable  for  dealing  with  patterns  having  deep  lifts  and 
of  an  involved  character  as  well  as  simple,  flat,  and  shallow 
work. 

The  machine  consists  of  two  pillars  standing  on  a 
bed  or  baseplate  with  V's  for  sliding.  One  of  the  pillars 
is  fixed,  the  other  may  be  adjusted  to  suit  the  width 
of  the  plate  in  use,  so  as  to  carry  any  plate  not  wider 
than  the  machine,  or  both  may  be  fixed.  The  pillars 
are  hollow,  each  enclosing  a  rack  that  can  be  raised  or 
lowered  by  the  pinion  contained  in  the  guard  case  7. 
These  are  connected  by  a  spindle  as  shown,  and  operated 
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by  the  hand  lever  8.  The  upper  portion  of  the  pillar 
telescopes  over  the  bottom,  and  a  counterpoise  weight 
is  attached.  The  telescopic  form  protects  the  rack 
and  pinion  from  the  sand,  and  as  the  efficiency  of  a 
machine  depends  on  the  accuracy  of  its  movements,  such 
protection  is  necessary. 

At  the  top?  of  the  pillars  are  bearings  in  which  the 
trunnions  of  the  plates  or  pattern  frames  (2)  rest.  These 
can  be  turned  round  into  any  suitable  position,  and  fixed 
where  required  by  the  clamping  screws  (10).  For 


FIG.  175. — HAND  MOULDING  MACHINE  FOB  LAKGE  MOULDING  BOXES. 

ramming  they  are  fixed  with  the  required  face  of  the 
patterns  (3)  pointing  upward,  and  for  delivering  the 
patterns  are  turned  over. 

In  using  the  machine,  boxes  are  placed  over  the 
patterns,  and  fixed  by  the  clamps  (11)  at  the  side  of  the 
frame,  ramming  and  venting  being  proceeded  with  in  the 
usual  manner,  top  and  bottom  boxes  being  made  alter- 
nately on  the  same  machine.  A  box  is  thus  rammed 
at  every  turn  of  the  pattern.  After  ramming,  the  pattern 
plate  with  the  moulding  box  attached  is  inverted  and 
lowered  on  to  the  trolley  (12),  which  runs  on  rails  on  the 
brackets  (13)  attached  to  the  lower  and  stationary  part 
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of  the  side  pillars.  The  box  is  released  from  the  pattern 
plate,  which  is  withdrawn  by  pulling  over  the  lever  8, 
rapping  the  pattern  gently  meanwhile.  Little  effort  is 
required  to  do  this  if  the  balancing  of  the  pattern  plate 
by  the  counterpoise  be  satisfactory,  and  no  jarring  or 
starting  of  the  mould  occurs  if  the  construction  of  the 
machine  is  firm,  substantial,  and  accurate.  In  the  figure  (4) 
is  a  casting  of  the  pattern  being  moulded  on  the  machine. 
These  machines  can  be  modified  so  that  simple  patterns 


FIGS.  176  AND  177.— STRIPPING  PLATE  MACHINE  FOB  SAD  IKONS, 
SMALL  TOOTH  WHEELS,  &c. 

may  be  drawn  from  below,  and  no  turning  over  of  the 
plates  is  necessary,  and  with  large  sizes  worm  gearing  is 
provided  for  that  purpose. 

Fig.  172  shows  an  axle  box  and  patterns  suitable  for 
treatment  on  such  machines. 

With  large  sizes  and  deep  boxes  hydraulic  extraction 
of  the  patterns  is  to  be  preferred.  Machines  taking  boxes 
up  to  13ft.  long  and  4ft.  wide  and  3ft.  deep  are  thus 
operated.  Fig.  173  shows  a  machine  in  which  the  patterns 
are  lifted  after  inversion,  the  box  being  left  on  the  trolley. 
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It  differs  from  the  hand-operated  machine  in  the  fact 
that  each  rack  is  attached  to  the  top  of  a  hydraulic  ram 
which  is  forced  upwards  by  water  under  pressure  from 
the  same  source.  An  equal  movement  of  each  ram  is 
insured  by  using  the  pinions  and  spindle,  which,  in 
the  hand  type,  operate  the  racks,  as  regulators  only.  Both 
racks  and  pinions  are  carefully  machined  to  prevent  back- 
lash, and  thus  make  it  impossible  for  one  side  to  rise  more 
than  another.  In  this  way  fracture  of  the  mould  by 
twisting  the  pattern  is  prevented. 

Some  machines  have  only  one  ram,  and  the  box  is 
allowed  to  fall  away  from  the  pattern.     The  standards 


FIG.  178.— TOOTH  WHEEL  MOULDING  MACHINE. 

are  fixed,  the  patterns  revolving  in  bearings  on  the  top. 
Underneath  in  the  middle  is  a  hydraulic  ram  which  carries 
the  moulding  table.  This  can  be  lifted  towards  or  with- 
drawn from  the  machine.  After  ramming  and  turning 
over,  the  trolley  is  run  on  to  the  table,  lifted  to  the  box, 
the  fastenings  of  which  are  then  removed  and  the  table 
with  the  trolley  and  box  lowered  (Fig.  174). 

In  other  hand-rammed  machines  used  for  large  flat 
surfaces  or  an  aggregation  of  small  patterns  required  in 
large  quantities,  a  type  of  machine  shown  in  Fig.  175  is 
suitable.  The  boxes  after  ramming  are  lifted  by  four 
pins,  one  at  each  corner  of  the  box,  operated  by  the  lever 
shown.  Counterpoise  weights  are  placed  at  the  sides  of 
the  machine. 
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Figs.  176  and  177  show  the  use  of  stripping  plates  on 
small  machines  suitable  for  toothed  wheels,  box  irons,  &c. 
In  the  figures  shown  two  positions  are  illustrated.  Fig.  1 76 
shows  the  patterns  in  position  for  ramming.  Fig.  177 
shows  the  patterns  of  the  sides  withdrawn  through  the 
plate,  leaving  the  core  prints  above.  The  method  of 
withdrawal  by  means  of  the  middle  lever  is  obvious. 
Leaving  the  core  prints  in  position  as  shown  is  a  great 
aid  in  the  accurate  delivery  of  the  sides.  The  core  prints 
are  subsequently  lowered  by  the  side  levers  through  the 
plate.  On  the  removal  of  the  boxes,  suitable  cores  can 
be  fitted,  made  in  the  core  boxes  shown.  The  main 
advantage  in  the  use  of  stripping  plates  is  the  accuracy 
that  can  be  secured. 

Simple  machines  for  moulding  toothed  wheels  and 
pulleys  are  provided  with  stripping  plates.  Where  a  large 
number  of  wheels  of  small  or  moderate  size  are  required, 
they  are  of  the  utmost  use.  Properly  constructed  and 
operated,  they  produce  accurate  wheels  with  the  mini- 
mum of  labour. 

Fig.  178  shows  such  a  machine  with  a  pattern  mounted. 
In  front  a  smaller  pattern  is  shown  with  the  stripping 
plate.  To  the  right  are  a  couple  of  castings. 

Pulley  moulding  by  machine  is  also  very  rapid.  The 
pattern  is  made  in  three  or  more  parts  according  to  the 
character  of  the  arms.  It  consists  of  at  least  three 
pieces.  A  plain  ring  for  the  rim  of  the  pulley,  a  stripping 
plate  having  a  hole,  the  outside  diameter  of  the  pulley, 
and  an  inner  disc  carrying  the  arm  patterns.  The  outer 
stripping  plate  is  first  fixed.  The  rim  pattern  is  then 
put  in  and  fastened  to  a  crosspiece,  which  can  be  raised 
and  lowered  to  any  desired  extent  so  as  to  vary  the  width 
of  the  pulley  face.  Afterwards  the  plate  with  the  arms 
pattern  is  put  on,  and  so  placed  that  a  line  drawn  across 
the  middle  of  the  machine  divides  them  accurately. 
Unless  this  is  done  the  two  halves  of  the  mould  will  not 
fit  when  brought  together.  In  use,  the  rim  pattern  is 
raised  to  the  height  of  half  the  width  of  rim  required,  the 
box  put  on,  and  rammed.  The  rim  pattern  is  lowered 
and  the  box  lifted  off  by  any  suitable  means.  A  turn  of 
a  handle  placed  at  the  side  of  the  machine  brings  the 
crosspiece  to  which  the  rim  pattern  is  attached  under  the 
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lifting  pins,  so  that  the  box  can  be  lifted  by  the  same 
mechanism    that   raises   the   pattern. 

With  deep,  double-armed  pulleys,  the  boss  also  with- 
draws through  the  stripping  plate,  leaving  the  patterns 
of  the  arms  in  the  mould.  In  ramming  up  the  box  a 
parting  is  made  at  each  set  of  arms,  so  that  the  centre 
of  the  half -mould  is  divided  into  two  parts.  The  top  one 
is  lifted  with  the  box,  and  the  arm  patterns  removed. 
The  second  section  of  sand  is  lifted,  turned  over,  and  put 
in  its  place,  a  ridge  along  the  inside  of  the  pulley  rim 
serving  to  get  them  properly  placed.  This  is  lifted  and 
secured  in  its  place  for  turning  the  box  over  by  the 


FIG.  179. — HAND  MOULDING  MACHINE  FOB  HOLLOW  WAKE. 

judicious  use  of  irons  passing  through  the  spaces  between 
the  arms. 

Fig.  179  shows  a  machine  for  hollow  work,  as  arranged 
for  making  iron1  pots.  The  machine  to  the  left  makes 
the  bottom  boxes.  The  patterns  are  placed  on  plates 
mounted  in  the  centre  of  the  machine.  On  each  side  are 
frames  to  which  stripping  plates  are  attached.  These 
carry  the  patterns  of  the  ears  and  gate  as  shown.  The 
pattern  of  the  vessel  is  so  made  as  to  allow  for  the  stripping 
plates.  Patterns  and  stripping  plates  are  shown  at  the 
foot  of  the  illustration.  The  boxes  are  placed  in  position, 
one  is  so  shown,  and  rammed  by  hand.  The  slides  carry- 
ing the  stripping  plates  and  boxes  are  then  separated  by 
the  handle  at  the  side  sufficiently  to  allow  the  box  to  be 
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lifted  off.  The  casting  is  larger  at  the  bottom  than  the 
top.  Any  loose  pieces,  such  as  feet,  are  removed  from 
the  mould  and  replaced. 

On  the  right  is  the  machine  for  making  the  other  box. 
The  pattern  is  in  halves,  and  carried  in  a  halved-pattern 
frame  as  shown.  Pins  at  the  sides  of  the  frame  have 
corresponding  ears  with  slots  on  the  boxes.  After  screw- 
ing together  the  two  halves  of  the  pattern,  the  box  is 
put  on,  secured,  rammed,  ironed  if  need  be,  and  vented. 
The  pattern  plate  is  revolved,  lowered  on  to  the  trolley, 
released,  the  halves  separated  by  the  screw  as  shown,  and 


FIG.  180. 

lifted,  leaving  the  box  on  the  trolley.  When  the  two 
boxes  previously  rammed  are  placed  one  on  each  side 
the  mould  is  complete. 

Self-ramming  Machines — The  great  difficulty  of  satis- 
factorily ramming  a  mould  with  deep  and  straight  lifts 
by  mechanical  means  has  already  been  referred  to  and 
the  preference  of  hand-rammed  machines  in  such  cases 
noted.  Many  machines  have  been  designed  to  carry  out 
this.  All  aim  at  an  equal  compression  of  the  sand  both 
at  the  sides  and  the  pattern  surface.  Wirth's  patent, 
1879,  provided  for  the  use  of  a  gutta-percha  or  other 
impression  cast  from  the  pattern,  so  as  to  have  the  same 
differences  of  level  as  the  casting.  This  was  attached 
to  the  surface,  against  which  the  pressing  was  effected  so 
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as  to  secure  a  more  equable  pressure.  It  is  obvious  that 
such  a  pressing  plate  with  a  purely  vertical  action  could 
not  secure  any  uniformity  of  pressure  at  the  sides  of  the 
lift,  but  by  varying  the  contour  so  that  the  direct  pressure 
may  be  other  than  vertical  this  may  be  effected. 

Thus,  in  Fig.  1 80,  if  a  be  the  pattern  surface  and  b  the 
pressing  plate,  the  advantage  of  B  over  A  is  apparent. 

In  modern  machines  with  mechanical  pressing  arrange- 
ments, devices  of  a  character  similar  in  principle  are 
adopted. 

Moore  (1884)  employed  a  presser  provided  with  a 
flexible  diaphragm  of  rubber  on  its  under  side.  Resting 
against  the  rubber  face  was  a  bundle  of  wooden  rods 
loosely  held  together  by  a  ring.  These  could  move 
vertically  independently  of  each  other,  but  with  sufficient 
friction  to  enable  them  to  be  lifted  bodily.  Fluid,  under 
pressure,  was  admitted  behind  the  diaphragm,  which,  by 
its  distension,  pressed  upon  the  ends  of  the  rods  and 
rammed  the  sand.  When  the  pressure  on  a  thin  layer 
of  sand  had  attained  a  certain  amount,  no  further  move- 
ment of  that  rammer  took  place  till  a  similar  pressure 
had  been  exerted  on  other  thicker  layers,  the  distension 
of  the  rubber  enabling  the  rammers  to  adjust  themsleves 
to  the  contour  of  the  pattern.  Moore's  patent  covered 
other  points  in  connection  with  the  mounting  of  the 
patterns,  &c. 

In  the  Tabor  machine,  Fig.  181,  the  machine  is 
operated  by  pneumatic  pressure,  but  may  also  be 
adapted  for  hydraulic  or  steam  pressure. 

The  pressing  cylinder  1  is  located  in  the  lower  part 
of  the  machine.  Air  under  pressure  is  conveyed  to  the 
machine  by  pipe  3,  and  is  admitted  by  turning  the  handle 
2.  The  patterns  are  mounted  on  a  plate  4  forming  the 
top  of  a  hollow  box  5  which  encircles  it.  This  plate, 
with  the  patterns  on  it,  can  be  raised  or  lowered  at  will 
by  turning  the  handle  6  which  actuates  the  cams.  In 
the  position  shown,  the  plate  is  flush  with  the  top  of  the 
pattern  box  ;  when  the  handle  is  turned  down  the  patterns 
are  withdrawn  into  the  box.  The  head  8  is  adjustable 
for  height,  and  swings  backward  on  the  rods  9  so  as  to 
be  clear  of  the  table.  It  is  pulled  forward  for  pressing 
the  mould  by  the  handle  10.  Suitable  stops  are  provided 
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at  the  base  of  the  machine  to  arrest  it  when  vertically 
over  the  table.  Springs  which  are  compressed  when  the 
head  is  drawn  forward  secure  an  automatic  return  when 
the  handle  is  released.  The  machine  is  also  provided 


FIG.  181. — TABOR  MOULDING  MACHINE. 

with  a  pneumatic  rapping  device  which  delivers  from 
3,000  to  5,000  light  blows  per  minute.  These  blows  are 
very  slight,  and  just  start  the  patterns,  so  that  they  clear 
the  sand  well.  An  air  jet  11  attached  by  flexible  tube 
is  also  provided  at  the  side  of  the  machine  for  blowing 
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away  sand  from  the  patterns,  &c.  The  press  head  is 
recessed,  as  will  be  seen  from  the  figure,  thus  securing  more 
equable  consolidation  of  the  sand. 

In  use  only  one-half  of  the  mould  can  be  made  on  the 
machine  at  one  time,  and  either  sets  of  patterns  must  be 
mounted  separately,  or  two  machines  used  for  patterns 
where  the  mould  is  in  each  box  part. 

In  use,  the  pattern  plate  is  cleaned  with  the  blow-pipe 
and  the  box  put  in  its  place,  resting  on  the  permanent 
edge  of  the  table  over  the  pins  12.  An  auxiliary  box 
slightly  larger  than  the  moulding-box  and  sliding  over 
it  is  put  on  to  gauge  the  amount  of  sand  required.  This 
sand  box  is  filled.  Its  object  is  to  supply  the  sand 
required  for  ramming  the  mould,  and  to  keep  the  sand 
from  being  thrown  off  sideways  when  the  mould  is 
rammed.  The  press  head  is  drawn  forward,  and  the 
mould  rammed  by  admitting  the  air  to  the  cylinder. 
Two  "  blows  "  are  given,  and  the  force  can  be  regu- 
lated to  suit  requirements.  The  recess  in  the  head 
helps  to  secure  uniformity  of  pressure,  and  for  moulds 
where  great  differences  in  level  do  not  occur,  serves 
its  purpose  without  special  adaptation.  After  ramming, 
the  table  is  lowered,  the  press  head  released,  leaving 
the  moulds  with  the  sand  frame  and  surplus  sand  on  the 
table.  The  rapping  device  is  started,  and  the  patterns 
drawn  downwards  by  turning  the  handle  6,  Pig.  181. 

The  middle  of  the  table,  with  the  patterns  on  it, 
sinks  into  the  box  5.  When  the  sand  box  is  removed,  a 
layer  of  sand  stands  above  the  level  of  the  box,  and 
has  the  impress  of  the  recess  in  the  machine  head.  This 
is  scraped  off,  leaving  the  mould  flat.  It  can  then  be  taken 
off  the  machine.  The  rapping  device,  sanding  box,  and 
the  use  of  a  permanent  machine  plate  on  which  patterns 
are  fixed  are  features  commending  the  machine  for  doing 
a  great  variety  of  work  or  a  flat,  half-round  character, 
or  with  sloping  sides.  They  are  less  successful  on 
work  with  deeper  lifts  or  having  recessed  parts,  pockets, 
or  cores,  unless  stripping  plates  be  used  or  the  rapper 
dispensed  with. 

The  use  of  compressed  air  opens  up  other  possibilities. 
It  may  be  applied  to  pneumatic  chipping  hammers  for 
dressing  and  other  purposes,  drills,  &c.,  for  sand- 


366 


PLATE    AND   MACHINE   MOULDING. 


blasting  castings,  for  driving  sand  sifters  and  elevating  it 
to  hoppers  from  which  the  machines  may  be  supplied 
by  a  suitable  device.  In  this  way  the  cost  of  installation 
does  not  fall  entirely  on  the  moulding  machine,  and  saves 
much  labour  in  other  departments  of  the  foundry. 

A  machine  of  a  somewhat  similar  character,  worked 
by  hydraulic  pressure,  is  shown  in  Fig.  182.     On  lowering 


FIG.  182.— HYDKAULIC  MOULDING  MACHINE. 

the  patterns,  the  box  is  left  supported  on  pins  at  the 
side,  as  shown.  As  in  the  former  case,  separate  machines 
for  cope  and  drag  are  necessary  if  both  are  being  made 
at  once. 

Fig.  183  shows  a  machine  for  making  cope  and  drag 
at  one  operation  without  the  use  of  moulding  boxes. 
Hydraulic  power  is  employed,  and  the  press  is  of  special 
construction.  The  cylinder  contains  two  rams,  1  and  2, 
the  outer  one  serving  as  the  cylinder  for  the  inner. 
Standards  support  the  head  of  the  press  and  two  moulding 
flasks  3  4  are  permanently  fixed  to  the  machine.  The 
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upper  is  counterpoised  by  weight  5,  and  the  lower 
fixed  to  the  top  of  the  larger  hydraulic  ram.  The  pattern 
plate  6  with  one  half  of  the  pattern  on  each  side  is 
mounted  on  one  of  the  standards,  and  can  be  swung  to 
and  fro.  The  machine  works  as  follows :  With  the 
machine  in  its  lowest  position  the  pattern  plate  is 


FIG.  183. — HYDRAULIC  MOULDING  MACHINE. 

turned  back  and  the  bottom  box  filled  with  sand.  The 
pattern  plate  is  then  swung  in,  the  upper  box  lowered 
on  it  and  also  filled  with  sand.  The  larger  ram  then  rises 
and  presses  the  upper  box  resting  on  the  plate  against 
the  press  head.  Pressure  is  next  applied  to  the  inner 
ram,  the  head  of  which  fits  inside  the  bottom  box,  which 
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is  thus  rammed.  It  will  be  noted  that  gate  pins  7  are 
attached  to  the  patterns,  and  that  hollow  bosses  into 
which  they  slip  when  the  mould  is  rammed  are  pro- 
vided on  the  head  8. 

The  moulds  are  extracted  by  first  lowering  the  parts 
to  their  original  position,  lifting  the  top  box  by  the  lever 
9.  The  downward  movement  of  the  pattern  plate  is 
arrested  by  stops  10  11,  so  that  on  lowering  it  is  lifted 
clear  of  the  bottom  box,  and  when  the  top  is  raised  can 
be  swung  clear  of  the  mould.  The  top  box  is  then  lowered 
to  rest  on  the  bottom  in  the  position  in  which  it  was 
rammed,  and  by  again  applying  pressure  to  the  inner 
ram  the  sand  mould  is  lifted  clear  of  the  boxes  ready  for 
casting.  Frames,  plates,  or  grids  of  suitable  form  may  be 
placed  in  the  flasks  when  filled  with  sand  prior  to  ramming 
and  make  the  moulds  less  fragile. 

Machines  of  a  type  to  be  moved  about  in  the 
foundry  as  the  floor  is  filled  with  moulds  are  manu- 
factured by  the  Pridmore  Company.  The  lightness 
and  simplicity  of  these  machines  will  be  seen  from 
Fig.  184.  They  are  all  hand  rammed  and  operated, 
the  patterns  being  withdrawn  downwards  by  a  crank 
motion,  guides  being  provided  to  ensure  a  vertical  move- 
ment. The  depth  of  draw  varies.  Stripping  plates 
are  employed.  Fig.  184  shows  a  gear  wheel  and  pinion 
pattern  mounted.  Fig.  185,  a  Worthington  pump  body 
with  patterns  up  and  down.  The  action  of  the  cranks 
and  curved  connecting-rods  can  be  seen.  Fig.  186  is  a 
pit  machine.  In  use,  the  upper  frame  rests  on  a  ring  in 
the  foundry  floor.  They  are  used  for  lifts  exceeding 
Sin.  The  hole  is  covered  by  an  iron  plate  when  the 
machine  is  removed.  The  pattern  on  the  machine  is  a 
railway  wagon  oil  box. 

The  actual  amount  of  draw  required  is  only  such 
that  the  highest  parts  of  the  pattern  are  withdrawn 
into  a  larger  cavity  in  which  the  sand  does  not  invest 
them  closely  at  any  point. 

Fig.  187  shows  a  rock-over  machine  for  patterns  with 
deep  pockets.  In  such  cases  the  sand  is  liable  to  break 
away  during  the  removal  of  the  box  from  the  machine.  The 
plate  is  fixed  at  the  right-hand  side,  and  the  box  rammed 
in  the  usual  way.  A  bottom  board  is  applied  and  the 
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handle  seen  on  the  left  brought  over.  This  handle  is 
on  a  common  centre  with  the  pattern  plate,  and  when 
brought  over  clamps  the  bottom  board  to  the  box. 
Both  handles  are  then  grasped  in  one  hand  and  turned 
bodily  over  to  the  other  side  of  the  machine  where  the 
bottom  board  rests  on  a  stand  suitably  adjusted  for 
height  to  the  flasks  in  use. 

The  rod  handle  is  released  and  the  plate  rapped  and 
turned  back  into  its  original  position.  The  movement 
of  the  parts  is  made  easy  by  a  double-acting  counter- 
balancing spring.  The  sand  from  the  pockets  is  left 
standing  in  the  upright  position,  and  is  ready  to  be  set 
on  the  floor.  Copes  are  made  on  a  separate  machine. 
These  machines  are  specially  made  for  the  pattern  or 
group  of  patterns  to  be  used  on  them.  Fig.  188  shows 
an  example  of  their  application.  It  is  the  cover  case 

for  the  gear  of  a 
mowing  machine. 
The  green  sand 
pockets  are  narrow 
and  from  6in.  to 
8in.  deep. 

Mounting  Patterns 

on   Machines The 

mounting  of  pat- 
terns, where  special 
pattern  plates  are 
not  used,  on  this 
and  similar  ma- 
chines using  strip- 
ping plates,  and  in 
which  the  two 
parts  of  the  mould 
are  made  on 
separate  machines, 
calls  for  much 
care  and  accurate 
arrangement  in 
order  that  the  parts  shall  come  together  in  proper 
register.  Patterns  in  which  the  parting  is  not  a  plane 
surface  can  be  mounted  and  dealt  with.  The  patterns 
must  be  in  halves  separated  at  the  usual  parting,  and 
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each  half  must,  if  possible,  be  backed  by  an  iron  backing 
plate,  fin.  thick  all  round  the  parting  edge.  In  applying 
this  backing  the  two  halves  and  the  backing  should  be 
all  dowelled  together  and  the  edges  finished  true  by 
filing,  or  otherwise,  at  the  same  time.  New  patterns 
would,  as  before  stated,  be  made  thicker  by  the  amount 


FTG.  185.— SQUARE  DOUBLE  SHAFT  MACHINE.    VIEWS  SHOWING  PATTERN  UP 
AND  PATTERN  DRAWN. 

required.  With  old  iron  patterns  divided  in  half  it  is 
possible  to  screw  on  the  backing  if  the  parting  is  flat, 
and  in  all  cases  plates  to  suit  can  be  made  by  a  modifica- 
tion of  the  method  previously  given,  using  only  one  half 
of  the  pattern  at  a  time.  Wooden  patterns  can  also 
be  backed  in  the  same  way. 
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The  machine,  Fig.  185,  with  the  pump  body  pattern  on 
it,  has  a  wooden  pattern  mounted  with  a  Jin.  iron  back 
screwed  on.  The  necessity  of  an  iron  backing  is  to  render 
the  making  of  the  stripping  plates  easy  by  running  round 
it  a  suitable  alloy,  as  will  presently  appear.  Metal 
patterns  are  to  be  preferred  to  wood  for  machine  mould- 


Pattern  Up.  Pattern  Drawn. 

FIG.  180. — DRAWPIT  MACHINE. 

ing,  and  all  standard  patterns  should  be  of  metal  with 
an  iron  backing. 

The  patterns  are  spaced  out  on  the  pattern  plate,  pre- 
ferably placed  on  the  machine  in  which  it  is  to  be 
operated.  For  machines  using  stripping  plates,  the 
under  side,  by  which  the  pattern  plate  rests  on  the 
machine  must  be  machined,  and  the  upper  has  raised 
surfaces  or  seatings  at  convenient  points  on  which 
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the  patterns  rest.  The  stripping  plate,  which 
makes  the  actual  parting,  is  cast  with  an  opening 
following  the  shape  of  the  pattern  all  round, 
but  about  Jin.  to  T3oin.  wider,  so  as  to  leave  a  clear 
space.  The  upper  edge  round  the  opening  is  recessed 
for  a  width  of  about  Jin.  and  fin.  deep.  Small  holes 
are  drilled  at  short  distances  apart,  and  small  wire  nails, 
with  the  shanks  flattened  by  a  hammer  to  make  a  tight 
fit,  are  driven  in  so  that  the  heads  are  about  half-way 
down  the  recess,  leaving  i%in.  of  clear  space  above. 
Ears  for  pins  and  holes  for  locating  flasks  are  needed 
where  the  stripping  plate  completely  covers  the  top 
of  the  machine,  as  in  the  Pridmore.  Where  this  plate 
rests  on  the  machine  it  is  machined  on  its  underside, 


FIG.  187. — ROCK-OVER  MOULDING  MACHINE. 

and  in  all  cases  the  top  of  the  plate  forming  the  parting 
requires  to  be  carefully  planed  or  otherwise  finished,  so 
as  to  get  a  true  surface.  Most  makers  furnish  templets 
with  machines  needing  them,  by  which  patterns  and 
stripping  plates  can  be  drilled  so  that  when  placed  on 
the  machine  the  dowels  locate  them  exactly.  By  this 
means  different  sets  of  patterns  for  the  same  size  machine 
are  made  interchangeable.  The  stripping  plates  are 
placed  on  the  machine  over  the  pattern  plate,  and  the 
patterns  placed  on  it  through  the  openings  in  the  stripper, 
and  set  out  loosely.  After  placing  in  position  they  are 
drilled  through  and  dowelled  to  the  plate,  and  finally 
fixed  by  machine  screws  passing  through  the  pattern 
plate.  The  pattern  plate,  with  the  patterns,  is  again 
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put  in  the  machine,  Avith  the  surrounding  stripping  plate. 
The  space  at  the  bottom  between  the  stripping  plate 
and  the  iron  backing  is  filled  up  with  some  suitable 
material  such  as  asbestos  cord  packed  in  tightly.  A  roll 
of  clay  or  similar  plastic  body  is  then  laid  round  the  outer 
edge  of  the  recess  in  the  stripping  plate  to  deepen  the 
trough  between  it  and  the  backing  of  the  patterns.  Both 
plate  and  backing  should  be  warmed  somewhat  strongly. 
Babbitt  metal  or  other  white  metal  is  then  poured  into 


FIG.  188. 


the  space  surrounding  the  pattern  to  form  the  parting. 
Before  cooling,  the  pattern  is  lowered.  The  stripping 
plate  is  removed  from  the  machine  and  the  surplus  white 
metal  machined  off.  The  asbestos  that  prevented  the 
metal  from  running  through  is  removed  and  the  plate 
replaced  on  the  machine,  and  if  too  tight,  when  cold,  is 
eased  where  necessary  to  produce  a  perfect,  free  fit  for 
the  patterns.  The  nails  used  secure  the  white  metal  in 
place.  Such  plates  wear  well,  and  for  intricate  forms, 
such  as  toothed  wheels,  can  be  as  easily  made  as  for 
simpler  forms. 
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The  first  part  of  the  pattern  having  been  applied, 
patterns  and  strippers  for  the  second  part  are  made  as 
follows  :  Pattern  plates  and  stripping,  cast  and  machined 
as  before,  are  prepared  for  the  opposite  machine,  and 
the  plates  and  patterns  put  in  position  as  in  the  first 
case.  The  ears  of  the  stripping  plates  have  been  both 


FIG.  190.— FARWELL  UNIVERSAL  MOULDING  MACHINE. 

drilled  to  templet  for  the  pins  and  holes  in  the  flasks. 
One  is  fitted  with  pins ,^  and  the  stripping  plate  first 
formed  is  taken  from  its  machine,  turned  over,  and 
placed  on  the  opposite  plate,  being  located  by  the 
pins  and  holes.^In  most  cases  the  openings  in  the  two  plates 
must  be  identical,  as  they  have  to  come  together  and 
leave  no  break  at  the  joint  plane.  The  first  plate  thus 
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forms  a  templet  for  locating  with  accuracy  the  second 
part  of  the  pattern  in  the  openings  of  the  stripper,  and 
on  the  plate.  This  half  is  then  dowelled  in  its  place 
so  determined,  the  first  stripping  plate  removed,  and  the 
patterns  fixed  as  before.  After  returning  the  pattern 
plate  to  the  machine  the  metal  is  run  round  the  patterns, 
and  the  stripping  plate  completed  like  the  first.  Where 
the  parting  is  not  a  flat  surface,  metal  sides  are  built 


FIG.  191.— FARWKLL  AUTOMATIC  MOULDING  MACHINE. 

up  on  the  stripping  plate  to  the  height  of  the  parting 
to  the  shape  of  which  they  conform.  In  the  second 
stripping  plate  recesses  are  cast  corresponding  in  general 
form  to  the  raised  portions  on  the  first.  They  are 
some  fin.  deeper,  and  the  bottoms  are  studded  with 
nails  driven  in  at  short  distances  apart,  so  that  the 
heads  are  well  below  the  parting  surface.  The  two 
stripping  plates  are  heated  and  placed  together  and  white 
metal  poured  in  to  fill  the  recess,  thus  making  the  second 
an  exact  counterpart  of  the  first.  This  method  of 
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mounting  involves  no  measurement  or  calculation,  and 
the  halves  of  the  moulds  are  sure  to  come  together  in 
perfect  register. 
For  gating,  the 
runners  are  gener- 
ally screwed  to 
the  stripping 
plates,  and  the 
gate  may  be 
formed  by  a  pipe 
standing  telescopi- 
cally  on  a  stud  on 
the  stripper.  This 
may  project  above 
the  sand  after 
hand-ramming 
and  be  removed 
in  the  ordinary 
way  after  straking 
the  top  level,  or 
it  may  be  just 
below  the  surface 
after  ramming,  in 
which  case  it  has 
a  closed  end  often 
enlarged  so  as  to 
form  a  good  bell- 
mouth  runner,  and 
does  not  interfere 
with  the  scraper 
when  removing 
surplus  sand.  The 

sand  is  cleared  from  the  top  with  the  finger,  and  the 
gate  pin  withdrawn.  Telescopic  runners  are  also 
used.  The  smaller  part  slides  into  the  upper  part 
during  pressing.  In  either  case  the  mould  can  be  lifted 
off  complete.  The  gate  may  also  be  cut  with  a  steel 
tube  A,  the  position  being  indicted  by  a  boss  B  screwed 
to  the  presser  head,  Fig.  189,  p.  373. 

One  form  of  the  Farwell  moulding  machine  is  shown  in 
Fig.  190.  It  is  operated  by  the  action  of  hand  levers 
for  pressing.  The  patterns  are  carried  on  a  plate  upon 


;.  19-2.— MULTIPLE  MOULDS  MADE  ON  THE  FARWELL 
MOULDING  PRESS,  TURRET  TOP. 
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which  a  stripping  plate  rests.  After  ramming  the  stripping 
plate  with  the  box  resting  on  it  is  raised  by  the  lever 
marked  "  lift  lever,"  and  is  ready  for  removal,  or 
the  box  is  raised  by  means  of  pins  ;  in  the  latter  case  no 
stripping  plate  is  used.  In  the  figure  the  recessed  head 
of  the  presser  is  shown  by  the  upstanding  sand  on  the 
cope.  Sand  frames  are  used  as  in  the  former  case,  except 
where  the  snap  flask  is  used. 

In  so-called  automatic  machines  such  as  that  shown 
in  Fig.  191,  the  machine  is  fitted  with  a  revolv- 
ing turret  head  1  having  three  sides.  One  side  is 
the  presser  head,  and  the  other  two  are  frames  for 
tucking  the  sand  in  the  cope  and  drag  respectively 
previous  to  pressing.  The  flask  used  in  the  type 
shown,  tapers  from  top  to  bottom,  and  special  arrangements 
are  made  to  retain  the  sand  in  the  cope  while  separating 
cope  and  drag.  The  same  arrangement  holds  the  two 
halves  of  the  flask  together  when  rocked  back  to  allow 
the  mould  to  slide  out  of  the  flask  when  finished.  The 
pattern  plates  have  a  half  of  the  pattern  on  each  side, 
and  are  mounted  on  a  frame  3  which  turns  on  the  trunnions 
4.  It  can  thus  be  revolved  into  position  between  the 
cope  and  drag  for  moulding,  and  turned  back  on  to  the 
carrier  when  the  mould  is  completed.  Hand  pressing 
is  used.  For  simple  work  in  capable  hands  such  machines 
yield  good  results. 

Multiple  Moulds. — For  much  simple  work  multiple 
moulding  has  now  come  largely  into  use.  Each  box 
part  contains  on  its  lower  face  the  mould  of  the  cope,  and 
on  its  upper  the  drag  part  of  a  mould.  When  piled  on 
each  other  a  complete  mould  is  formed  at  every  joint. 
The  gate  runs  down  from  top  to  bottom  of  this  compound 
mould,  so  that  pouring  is  effected  at  once.  Fig.  192 
shows  a  series  of  castings  made  in  a  Fanvell  machine 
with  a  turret  top  as  described  above.  In  ordinary 
work  the  patterns  would  be  used  separately,  and  all  the 
tiers  would  be  alike,  but  for  illustration  purposes  the 
various  patterns  were  put  all  in  one  mould. 

The  method  of  pouring  to  secure  proper  filling  of  the 
mould  will  be  readily  seen.  The  bottom  section  has  no 
sprue.  The  gates  of  each  section  taper  downwards, 
so  that  the  metal  falls  from  top  to  bottom  without 
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entering  the  upper  sections  until  reached  by  the  rise  of 
the  metal,  and  the  runners  are  carefully  made  of  such 
size  that  before  the  upper  sections  are  filled  the  metal 


in  the  lower  ones  is  at  least  chilled  and  stiff.  Fig.  193 
shows  the  London  Emery  Company's  press  for  a  like 
purpose,  operated  by  hydraulic  pressure. 
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It  is  obvious  that  the  sections  are  each  pressed  between 
two  plates,  one  of  which  is  on  the  table  and  the  other 
attached  to  the  pressing  head.  When  flasks  delivering 
the  mould  are  used,  frames  are  put  in  to  retain  the  sand. 
It  will  be  seen  that  only  the  top  box  requires  to  be 
weighted  or  fastened  down,  the  others  being  held  by  the 
pressure  of  those  above.  Simple  work  even  of  a  character 
requiring  both  cope  and  drag  parts  can  be  effectively 


FIG.    194. — HYDRAULIC  MOULDING  MACHINE. 

and  rapidly  dealt  with,  the-  height  of  the  moulds    being 
determined  by  convenience  of  pouring. 

It  is  possible  by  carefully  arranging  the  two  halves 
of  one  completed  pattern  at  equal  distances  on  each  side 
of  a  centre  line  to  mould  both  cope  and  drag  on  a  single 
machine  at  the  same  time. 

Boxes  are  required  with  only  two  ears,  one  at  each 
narrow  end.       A  pin  is  provided  at  one  end  and  a  hole  at 
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the  other.  It  will  be  seen  that  by  turning  the  boxes 
end  for  end  copes  and  drags  will  close  together  and 
register  perfectly.  Only  such  subjects  as  are  symmetrical 
in  the  two  halves  of  a  circle,  the  centre  of  which  is  the 
centre  line  of  the  flask,  can  be  so  dealt  with,  and  in  setting 
out  patterns  a  line  passing  through  the  centre  of  the 
pin  and  hole  in  the  plate  must  be  accurately  bisected, 
and  the  patterns  set  out  by  compass  and  square  on  the 
plate.  It  is  obviously  restricted  to  the  treatment  of  moulds 
with  flat  partings.  A  great  variety  of  work  of  a  cylindrical 
and  generally  uniform  character  can,  however,  be  thus 
treated,  the  centre  line  or  a  line  at  right  angles,  according 
to  circumstances,  being  the  middle  of  the  gate,  and  the 
patterns  disposed  regularly  on  each  side.  Pattern  plates 
for  this  purpose  are  best  built  up,  but  may  be  cast  as  a 
whole.  Stripping  plates  may  be  used,  but  the  class  of 
work  for  which  this  procedure  is  suitable  can  generally 
be  moulded  without  these  aids. 

Moulding  machines  for  dealing  with  large  and  heavy 
work  are  somewhat  modified.  Fig.  194  shows  a  hydraulic 
machine.  In  principle  it  resembles  the  smaller  machines. 
The  pattern  plate  revolves,  and  is  carried  on  the  top  of 
small  hydraulic  rams  at  the  side  of  the  machine.  Worm- 
wheel  gearing  is  provided  to  rotate  it  with  the  heavy 
box  attached  to  it.  The  trolley  runs  on  rails  as  shown,  as 
also  does  the  press  head.  The  movements  in  large 
presses  are  effected  by  hydraulic  power.  It  will  be 
observed  that  the  standards  are  so  placed  that  a  crane 
may  be  used  for  handling  the  boxes  and  moulds. 

Machines  for  Wheel  Moulding — Machines  are  now 
employed  for  moulding  all  kinds  of  spur,  bevel,  mitre,  worm, 
and  helical  wheels,  the  making  of  complete  patterns  for 
which  would,  if  it  were  possible  to  mould  them,  involve 
great  expense. 

The  patterns  used  with  such  machines  for  moulding 
the  periphery  or  ring  of  teeth  consist  of  a  pattern  con- 
taining a  single  tooth  space  or  short  segment  known  as  a 
tooth  block.  This  is  seen  attached  to  the  machine  G  (Fig.  19  5). 
Core  boxes  are  provided  for  moulding  the  arms.  By 
repeating  the  mould  of  the  tooth  block  the  required  num- 
ber of  times,  it  is  clear  that  moulds  may  be  made  for 
wheels  of  any  diameter.  The  first  requirement  is  accurate 
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spacing  of  the  teeth,  and  the  machine  must  provide  ready 
means  of  withdrawing  the  pattern. 

General  Statement. — In  making  such  moulds,  whether 
on  a  table  machine  or  in  the  foundry  floor,  a  bed  of 
suitable  form  is  first  struck  out.  This  is  flat  in  the  bottom 
and  the  sides  may  be  vertical  or  sloping  and  a  little 
distant  from  the  outer  edge  of  the  teeth.  The  strickle 
for  this  purpose  is  carried  by  a  spindle  and  strap  in  the 


FIG.   195.— TABLE  MACHINE  FOR   MOULDING  WHEELS. 

usual  way.  Round  the  cavity  thus  formed  the  teeth  are 
moulded,  arm  cores  placed  in  position,  and  the  addition 
of  the  boss  core  and  cope  complete  the  mould.  Table 
machines  are  used  for  wheels  of  moderate  diameter, 
and  floor  machines  for  larger  work. 

Fig.  1 95  shows  Buckley  &  Taylor's  machine.     It  is  of 
substantial    construction    and    accurate    movement.     It 
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consists  of  a  circular  horizontal  table  which  revolves  on 
a  central  spindle,  resting  on  a  boss  in  the  foundation 
plate.  Upon  this  table  the  moulding  box  is  mounted 
and  the  mould  made.  Alongside  the  table  is  fixed  a  bed 
E,  upon  the  V's  of  which  the  jib  D  maybe  traversed  by 
means  of  a  screw  actuated  by  the  handle  F,  for  the  adjust- 
ment for  diameter.  The  distance  of  the  tooth  block  from 
the  centre  of  the  table  is  ascertained  by  a  diameter 
gauge  fitting  round  the  spindle  used  for  striking  out  the 
bed  resting  in  a  socket  in  the  centre  of  the  machine. 
As  the  middle  of  the  slides  K  can  thus  only  travel  across 
a  diameter  of  the  table  it  is  obvious  that  by  placing  the 
arm  in  a  proper  position  any  diameter  can  be  assured.  The 
tooth  block  G  is  attached  to  the  lower  end  of  the  carrier  H, 
which  slides  in  the  guides  K.  H  has  a  rack  cast  on,  and  can 
be  raised  and  lowered  by  the  pinion  Q  carried  on  a  short 
shaft  in  bearings  attached  to  K.  The  outer  end  of  this 
shaft  carries  a  worm  wheel  P  actuated  by  a  worm  turned 
by  the  handle  J.  H  is  counterpoised  by  L.  By  turning 
J  the  carrier  may  be  racked  up  and  down  to  any  desired 
height.  A  stop  (not  shown)  can  be  clamped  on  S  to  fix 
the  extent  of  the  downward  movement,  and  insure  the 
pattern  block  always  coming  to  rest  in  the  same  plane. 
The  end  of  the  carrier  H  is  a  right-angled  bracket,  to  which 
the  pattern  can  be  readily  attached.  The  jib  D  is  also 
provided  with  clamping  screws  to  fix  its  position  with 
regard  to  the  table.  The  table  A  can  be  revolved  in  a 
horizontal  plane  by  turning  the  handle  C.  This,  by 
means  of  bevel  gear  Y,  communicates  motion  to  one  of 
two  parallel  horizontal  shafts  under  the  table.  This  shaft 
carries  at  its  other  end  a  change  wheel  having  a  suitable 
number  of  teeth  gearing  with  one  on  the  other  shaft. 
The  latter  carries  in  the  middle  a  worm  Z,  which  actuates 
the  worm  wheel  B  attached  to  the  underside  of  the  table 
A.  By  this  means  the  table  can  be  readily  turned 
through  any  fraction  of  the  circumference  of  a  circle  with 
accuracy,  and  so  repeat  the  mould  of  the  tooth  block.  For 

O  /?  f\ 

each   tooth,    the   table  must  turn  through  an  angle 

where  n  is  the  number  of  teeth.  The  method  of  regula- 
tion by  means  of  change  wheels  is  similar  to  that 
adopted  in  a  screw-cutting  lathe. 
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Suppose  the  worm  wheel  B  has  150  teeth,  and  a  com- 
plete revolution  of  the  worm  Z  moves  it  forward  by  a 
complete  tooth ;  further,  that  the  bevel  wheels  Y  have 


FIG.    196— MOULDING  MACHINE  FOR  SMALL  WHEELS. 

the  same  number  of  teeth.  If,  now,  wheels  having  an 
equal  number  of  teeth  be  attached  to  the  two  shafts, 
a  complete  turn  of  C  will  revolve  Y  through  a  complete 
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turn.  Z  will  thus  make  a  complete  revolution,  and  the 
table  will  move  round  ^^.  of  a  circle,  and  a  wheel  having 

a  number  of  teeth  equal  to  the  number  on  the  dividing 
wheel  would  be  moulded.  If,  however,  the  first  change 
wheel  had  only  half  the  number  of  teeth,  Z  would  only 
make  half  a  revolution,  and  300  turns  of  G  would  be 
required  to  turn  A  completely  round.  If  the  first  change 
wheel  had  double  the  number  of  the  second,  Z  would  make 
two  complete  revolutions  for  each  turn  of  G,  and  75  turns 
would  turn  A  quite  round.  Obviously  by  selecting  wheels 
having  suitable  numbers  of  teeth  the  circle  can  be  divided 
in  any  way  desired.  Thus,  if  a  wheel  of  90  teeth  were 


FIG.  197. 
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required,  the  table  must  move  through  -g^-  =-  =1§  teeth 

every  time  a  tooth  is  moulded,  and  the  change  wheels 
must  have  teeth  in  that  ratio,  5  on  the  handle  shaft,  3 
the  worm  shaft,  each  revolution  of  G  would  thus  turn 
Z  through  If  revs.  Any  wheels  having  these  ratios  will 
serve,  9:15,  27  :  45,  30  :  50.  If  only  half  turns  are 
given  to  the  handle,  then  the  number  of  teeth  on  the  handle 
shaft  must  be  doubled.  Another  way  of  calculating  is  to 
state  it  thus  :  If  the  dividing  wheel  B  has  150  teeth,  and 
a  wheel  having  80  teeth  is  required.  Suppose  a  60's 
change  wheel  be  attached  to  the  handle  shaft,  the  wheel 
required  on  the  worm  shaft  (if  one  complete  turn  of  the 
handle  G  be  given)  will  be  given  by  the  ratio 

150:  80  :  :  60  :  a 
a;  =32. 
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Now,  as  one  turn  of  the  handle  must  in  this  case  move 
the  table  through  ^  of  a  revolution 

-  must  if  the  ratio  be  true  =  ^ 
80  ** 


150 

80 


15 
8 


QO       "  "      Q 
d  £  O 

Also          150x32=60x80 
4800        =     4800 

In  stating  the  ratio  proportionately,  the  following  mental  state- 
ment may  be  made.  As  150  (the  number  of  teeth  in  the  dividing 
wheel)  is  to  80  (the  number  of  teeth  in  the  wheel  required),  so  is  the 
number  of  teeth  in  the  wheel  on  the  handle  shaft  to  the  number 
required  in  the  wheel  on  the  worm  shaft. 


FIG.  199. 

A  suitable  set  of  change  wheels  is  provided  with  each 
machine,  all  of  which  are  equally  interchangeable  on 
both  shafts.  The  first  change  wheel  gears  with  an  idle 
wheel  on  a  slotted  bracket,  and  can  be  adjusted  so  as  to 
gear  with  both  wheels.  This  is  necessary,  as  the  centres 
of  the  other  wheels  are  fixed.  It,  of  course,  only  transmits 
the  motion  and  does  not  in  the  least  affect  the  amount. 
The  plate  under  the  handle  G  is  graduated  and  notched, 
so  that  the  movement  of  G  can  be  exactly  controlled  and 
not  fall  short  of  or  exceed  the  necessary  amount. 

Similar  machines  are  made  by  other  makers.  Fig. 
1 96  shows  a  machine  for  small  wheels.  It  has  a  swinging  jib, 

AAi 
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which  is  clamped  in  position  when  ad  jus  ted,  and  there  are 
slight  modifications  of  the  dividing  gear.  It  also  shows  the 
arrangement  made  on  such  machines  for  moulding  helical 
and  other  teeth  not  having  a  straight  draw.  The  end  of  the 
carrier  terminates  in  a  small  slide  carrying  the  bracket 
to  which  the  tooth  block  is  secured.  By  turning  the 
handle  A  the  block  can  be  withdrawn  sideways  from  the 
sand  before  being  raised,  and  thrust  forward  when 
lowered  before  making  the  mould.  A  stop  clamped 
on  the  slide  prevents  it  being  thrust  too  far  forward. 

The  dividing  gear  is  simpler.  The  worm  is  on  the 
shaft  B  carrying  an  adjustable  slotted  bracket  C  on  which 
the  idle  wheel  D  is  secured.  The  shaft  carries  one  change 
wheel,  and  the  other  is  on  E,  which  is  secured,  as  shown,  to 
the  dividing  plate.  This  has  a  notch  into  which  a  stop  F 
drops  at  each  revolution.  The  table  is  revolved  by  turning 
the  handle  G,  and  its  movement  is  controlled  by  the 
change  wheels  and  dividing  plate  as  before.  In  this 
case  the  power  is  applied  direct  instead  of  through  bevel- 
wheel  gearing.  A  moment's  consideration  will  show  that 
the  handle  may  be  attached  indiscriminately  to  the 
shaft,  the  idle  wheel,  or  the  change  wheel  on  the  dividing 
plate,  but  that  by  putting  it  directly  on  the  shaft  less 
power  has  to  be  transmitted  by  the  wheels  and  the  wear 
is  reduced. 

Operating  the  Table  Machine.— The  tooth  block  is  attached 
to  the  bracket,  and  set  accurately  for  verticality  and 
centralisation  with  regard  to  the  machine.  The  box  is 
put  on  the  machine,  the  central  spindle  placed  in  position 
(Fig.  196),  and  a  strickle  giving  a  proper  face  depth  for  the 
required  wheel  is  attached.  A  suitable  strickle  is  shown 
in  Fig.  197.  A  is  the  strickle  having  diagonal  slots.  B 
is  a  plain  strip  that  can  be  adjusted  in  any  desired 
position  to  regulate  the  depth.  It  is  detachable,  and 
can  be  fixed  on  any  strickle.  It  makes  the  joint  face  of 
the  mould.  The  bed  is  well  vented. 

The  tooth  block  is  then  set  to  the  correct  radius  by 
moving  the  jib,  its  position  being  determined  by  the 
gauge  (Fig.  1 98)  placed  against  the  spindle.  The  ends  of  the 
gauge  correspond  with  the  distance  of  the  root  or  point 
of  the  tooth  from  the  centre  Of  the  mould.  The  jib  is 
then  clamped  in  position,  and  remains  fixed  till  the 
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moulding  of  the  wheel  is  complete.  Next  the  tooth  block 
is  carefully  lowered  into  contact  with  the  sand  bed.  The 
stop  on  the  slide  S  is  then  fixed  and  clamped.  Facing 
sand  is  then  rammed  between  the  teeth  of  the  block,  and 
if  the  wall  of  the  bed  be  sloping  the  slope  is  also  filled 
up  after  ramming.  Nails  are  used  to  strengthen  the 
sand.  A  small  pegging  rammer  is  used,  a  wooden  or 
wooden-faced  one  being  preferable  to  avoid  damaging  the 
pattern.  If  a  metal  one  is  used  it  should  have  a  smooth 
end  with  all  corners  and  edges  well  rounded.  A  flat 
rammer  is  used  on  the  top,  and  the  top  scraped  and 
sleeked  with  the  trowel.  Diagonal  vents  are  made  into 
the  tooth  space,  and  should  go  well  up  to  the  root  of  the 
tooth. 

The  amount  of  coal  dust  should  not  exceed  one  part  to 
15  of  sand,  as  the  sand  is  sandwiched  between  walls  of 
metal  and  needs  to  be  as  free  venting  as  a  core.  The 
vents  may  be  gathered  into  a  gutter  on  the  joint  face,  and 
the  gas  allowed  to  escape  at  the  joint,  or,  if  the  mould  be 
in  the  floor,  main  vents  may  be  carried  down  into  a  cinder 
bed  placed  beneath  it.  Gentle  rapping  behind  and  on 
the  top  of  the  block,  just  sufficient  to  start  pattern,  is  then 
given  with  a  hammer.  The  walls  of  the  space  between 
the  teeth  of  a  pattern  block  for  spur  wheels,  Fig.  196, 
have  no  taper,  although  the  outsides  should  have  sufficient 
taper  to  allow  the  pattern  to  be  lowered  without  risk 
of  damage  to  the  teeth  previously  moulded.  On  the 
top  the  shape  should  be  perfect.  This  absence  of  taper 
makes  it  necessary  to  prevent  the  sand  being  dragged  up 
when  the  pattern  is  drawn,  and  for  this  purpose  a  metal 
finger  plate  shaped  to  the  form  of  the  tooth  space  is  laid 
on  the  surface  of  the  sand  and  held  down  by  the  fingers 
of  the  left  hand  while  the  pattern  is  drawn  up  with  the 
right.  This  preserves  the  edges.  The  pattern  having  been 
lifted  clear  of  the  sand,  the  table  is  revolved  through  one 
space,  the  pattern  lowered,  and  the  operation  repeated 
till  the  circle  has  been  completed.  When  lowered,  the 
outer  upper  edge  of  the  pattern  should  lie  alongside  the 
last  ramming,  but  should  not  touch  till  the  pattern  is 
in  its  place.  In  ramming  a  wood  block  is  laid  against  the 
tooth  block,  to  prevent  the  sand  falling  down  into  the 
mould.  With  an  inclined  wall  this  is  bevelled  to  fit,  and 
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sustains  the  sand  while  ramming.  In  making  ordinary 
toothed  wheels  and  bevel  wheels  there  is  no  advantage 
in  having  more  than  two  teeth  on  the  pattern,  allowing 
one  sand  space  to  be  moulded  at  a  time.  With  mortice 
wheels,  where  the  patterns  carry  core  prints,  four  or  five 
teeth  may  be  moulded  at  once. 

The  arms  are  made  in  dry  sand  in  a  suitable  core 
box,  and  are  set  in  place  not  by  prints  but  by  measurement. 
X  and  +  arms  are  used.  The  cores  for  a  wheel  with  IE 
arms  and  internal  flanges  is  shown  in  Fig.  1 99.  In  making  it, 
a  grid,  following  its  outline  and  provided  with  lifting  eyes, 
is  embedded  and  the  middle  of  the  core  is  filled  with  cin- 
ders, and  the  vent  is  brought  off  at  the  top.  With  I  arms 
there  is  a  clear  space  between  the  cores,  and  little  difficulty 
is  encountered  in  setting  them.  With  +  arms  the  cores 


FIG.  200. 


may  have  to  be  placed  in  contact,  especially  as  wheels  in 
which  they  are  employed  are  often  dished.  The  arms 
and  edge  of  tooth  ring  and  hub  do  not  lie  in  the  same  plane, 
and  the  cores  have  to  be  made  to  suit.  In  such  cases  a 
special  bed  is  swept  up,  the  bottom  of  which  is  below  the 
level  of  the  tooth  ring  and  forms  a  circular  core  print  into 
which  the  lower  part  of  the  core  fits.  (Fig.  200). 
A  similar  cavity  is  swept  in  the  cope,  and  into  this  the 
upper  part  of  the  cores  pass. 

Fig.  202  shows  a  table  machine  in  which  the  use  of 
change  wheels  is  dispensed  with,  and  in  which  the  position 
of  the  pattern  block  is  obtained  in  another  way.  The 
jib  1  carries  the  vertical  slide  2  actuated  by  the  hand  wheel 
and  worm  gearing  3  and  4  as  shown,  and  the  tooth  block 
is  attached  to  a  bracket  fixed  at  the  end  of  a  sliding  arm 
6  which  can  be  clamped  in  position  by  the  screw  7.  The 
latter  enables  the  radius  to  be  adjusted.  The  spacing 
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of  the  teeth  is  effected  by  means  of  worm-wheel  gearing 
under  the  table.  The  worm  wheel  has  200  teeth.  A 
dividing  plate  8  is  permanently  fixed  to  the  machine. 
Its  edge  is  divided  into  1,000  parts  by  clearly-marked 
lines.  A  slide  carrying  a  hinged  stop  which  can  be 
adjusted  to  any  division  is  provided. 

The  shaft  carrying  the  worm  which  gears  with  the 
master  worm  wheel  passes  through  the  dividing  plate. 
A  handle  9  is  fixed  to  the  end  of  the  worm  shaft,  and  has  a 
spring  catch  which  slips  in  a  notch  in  the  dividing  plate 
when  in  a  normal  position.  This  handle  can  run  loose 
on  the  shaft,  or  be  made  to  grip  it  tightly  by  the  handle 


and  clamping  screw  shown.  By  this  arrangement  the 
movement  of, the  table  can  be  accurately  regulated.  With 
the  stop  in  the  normal  position  and  the  handle  9  fixed, 
a  complete  turn  moves  the  table  guo  °f  a  revolution, 
two  complete  turns  TJn,  and  so  on.  In  the  latter  case 
the  stop  is  turned  back  for  the  first  revolution,  and 
brought  in  position  for  the  second.  If  a  wheel  with  an 
odd  number  of  teeth  is  required  the  procedure  is  as 
follows.  Suppose  157  teeth  are  required,  f§f  =  1-27388, 
practically  1  •  2739  turns  of  the  handle  would  be  necessary. 
The  stop  is  fixed  at  nearly  the  274th  division,  being 
carefully  adjusted.  If  the  handle  9  be  clamped  on  the 
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spindle  and  revolved  one  complete  turn  and  then  further 
into  contact  with  the  stop,  the  table  will  have  turned 
T1T  of  a  revolution  (during  the  complete  turn  the  stop 
is  turned  back).  The  handle  is  then  slackened  on  the 


FIG.  202.— TABLE  WHEEL  MOULDING  MACHINE. 


shaft,  turned  back  into  its  normal  position  at  zero,  and 
then  clamped  tightly  to  the  shaft  ready  for  the  next 
tooth.  A  set  screw  holds  the  shaft  in  position  while  the 
handle  is  turned  back  to  normal.  This  machine  calls 
for  a  little  more  attention  on  the  part  of  the  moulder, 
but  does  not  present  any  great  difficulty.  No  change 
wheels  are  necessary,  and  if  care  be  taken  to  set  the  stop 
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accurately  good  work  can  be  done.      The  makers  claim 
that  the  machine  can  work  to  XQCRJOO  Par^  °f  a  circle. 

Other  machines  with  discs  or  drums  perforated  with 
circles  of  holes,  giving  a  large  range  of  numbers  corre- 
sponding with  the  number  of  teeth  in  the  required  wheels, 
are  also  in  use.  A  peg  is  pushed  through  the  holes  in  the 
plate  into  a  corresponding  hole  in  the  shaft,  and  holds 
the  pattern  block  in  position  while  the  tooth  is  rammed. 


FIG.  203.— SCOTT'S  WHEEL  MOULDING  MACHINE. 

Machines  for  making  wheels  in  the  floor  must  carry 
the  whole  of  the  operating  mechanism  on  the  head. 

In  Scott's  moulding  machine,  Fig.  203,  the  mechanism 
is  carried  in  a  cast-iron  centre  or  socket  1  sunk  in  the 
foundry  floor.  The  spindle  2  (of  special  form)  fitting  in 
this  is  fixed,  and  is  so  constructed  that  its  height  is 
adjustable.  To  the  top  of  this  fixed  spindle  the  master 
worm  wheel  3  is  attached,  and  is  also  fixed.  Neither 
spindle  nor  wheel  revolves.  Resting  on  a  suitable  collar  4 
on  the  fixed  spindle  is  a  head  5  bored  to  fit  it.  This  head 
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can  be  revolved,  and  contains  the  slides  6  for  two 
parallel  arms  7  which  are  joined  together  at  the  ends. 
At  one  end  the  vertical  slides  8  carrying  the  pattern 
block  are  fixed,  and  by  sliding  these  arms  nearer  to  or 
further  from  the  centre  the  adjustment  for  diameter  is 
obtained.  The  head  5  previously  noted  carries  also  a 
bracket  9  on  which  the  worm  shaft  and  worm  10  are 
carried.  The  handle  shaft  and  dividing  wheel  1112  are 
attached  to  the  slides,  and  are  operated  by  a  handle  on 
the  front  carrying  the  tooth-block  slide.  Change  wheels 
13,  with  idle  wheels  14,  and  a  swinging  bracket  15,  com- 
plete the  connection  between  the  dividing  plate  and  the 
worm  and  fixed  worm-wheel,  so  that  on  turning  the 
handle  the  whole  machine  turns  on  the  spindle.  A  hand- 
wheel  16  and  screw  are  provided  to  adjust  the  slides  to 
the  diameter  of  the  wheel,  which  are  then  clamped  in 
position.  The  raising  and  lowering  of  the  tooth  block  are 
accomplished  by  ordinary  methods. 

Fig.  204,  p.  397,  shows  a  small  floor  moulding  machine 
for  wheels  from  1ft.  Gin.  to  9ft.  diam.  on  the  principle  of 
Fig.  202.  The  worm  wheel  4  is  fixed,  while  the  slides  1 
and  bracket  2  carrying  the  radial  arm  3  revolve.  The 
dividing  mechanism  is  as  just  described,  and  the  method 
of  operating  will  be  clearly  seen  on  studying  the  figure. 
Both  machines  of  this  type  are  sold  by  James  Evans 
and  Co.,  Manchester. 

Making  Copes. — Plain  flat  copes  are  rammed  up  on  a 
flat  surface,  but  copes  for  bevel  wheels  and  others  not 
flat  may  be  either  struck  directly  by  a  special  striking 
board  or  rammed  up  as  a  reverse  mould.  The  latter  is  the 
better,  as  it  allows  the  cope  to  be  made  harder  and 
stronger. 

For  this  purpose  a  striking  board  is  provided  capable 
of  producing  a  surface  similar  to  the  top  of  the  mould 
the  cope  has  to  fit,  that  is,  a  surface  similar  to  what 
would  be  produced  if  the  mould  were  rammed  on  a 
complete  pattern.  A  hard  sand  bed  is  made,  and  th0 
surface  struck  up  to  shape  with  the  board.  The  cope  box 
is  now  put  on  and  rammed  as  if  on  a  pattern,  venting, 
liftering  (if  necessary),  and  other  treatment  being  carried 
out  in  the  usual  way.  No  trouble  is  experienced  if  the 
box  is  set  so  that  the  spindle  is  central,  but  to  save  trouble, 
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especially  in  big  wheels,  it  is  better  to  strike  the  reverse 
mould  and  rani  the  cope  in  the  place  to  be  occupied  by 
the  mould.  After  ramming  the  cope,  the  sand  bed  is 
broken  up,  and  the  spindle  used  in  the  same  position 
for  striking  up  the  bed  for  the  teeth  ring.  Before  ramming 
the  cope  box  is  staked  so  that  it  can  be  returned  readily  into 
place,  as,  although  the  work  is  circular,  it  may  not  occupy 
the  centre  of  the  box.  Fig.  201,  p.  389,  shows  the  method  for  a 
bevel  wheel.  The  board  used  for  striking  the  bed  makes 
the  surfaces  swept  by  B  and  C  coincide. 

In  striking  copes  direct,  the  coincidence  of  the  joint 
planes  of  cope  and  drag  are  assured  by  carefully  fixing  the 
straps  so  that  the  lower  edge  of  the  strap  is  in  both  boards 
in  the  same  plane  as  the  joint.  This  is  done  by  nailing  a 
strip  on  the  board  to  serve  as  a  guide  in  fixing  the  strap. 
When  the  spindle  is  fixed,  a  collar  is  slipped  on  and 
adjusted  so  that  its  upper  surface  is  in  the  plane  of  the 
joint.  It  is  then  clamped  hi  position.  When  either  board 
is  put  on  it  is  supported  in  relatively  the  same  position 
as  the  other.  In  work  on  the  table  the  collar  is  adjusted 
to  correspond  in  height  to  the  top  of  the  box.  This 
practice  is  not  as  good  as  the  former,  and  is  practically 
restricted  to  work  on  the  machine  table.  It  necessitates 
accurately-fitting  boxes,  the  edges  of  which  must  be 
planed. 

In  moulding  wheels  in  the  floor  the  only  satisfactory 
method  of  making  the  cope  is  to  ram  it  on  a  reverse 
mould. 


CHAPTER    XIV. 

CHILL   CASTINGS. 

CAST  iron  of  suitable  composition  is  converted  into 
white  iron  when  rapidly  cooled,  from  fusion.  The 
surface  of  a  casting  is  in  this  way  made  hard,  and  provides 
a  means  of  producing  a  durable  wearing  surface,  while  the 
body  of  the  casting  remains  soft.  Reference  to  the 
properties  of  white  iron  will  show  its  unsuitability  for 
castings,  but  in  some  cases  the  production  of  a  hard  surface 
outweighs  all  other  considerations,  and  by  casting  in  chill 
this  can  be  secured  without  forfeiting  the  valuable 
properties  of  grey  iron  in  the  other  parts  of  the  casting. 
The  body  of  a  casting  can  thus  remain  soft,  with  the 
greater  soundness  and  toughness  accompanying  that 
condition,  while  the  surface  may  be  rendered  almost 
glass-hard.  The  depth  to  which  the  chilling  effect 
penetrates,  and  the  influence  of  the  composition  of  the 
iron  on  this  have  already  been  dealt  with.  Reference  to 
former  chapters  will  show  that  greyness  and  softness  are 
due  to  the  separation  as  graphite  of  the  carbon  in  the 
cast  iron  during  solidification  and  cooling,  and  the  hard- 
ness depends  largely  on  the  amount  of  combined  carbon. 
Certain  elements,  especially  silicon,  cause  the  separation 
of  the  carbon,  and  others,  for  example,  manganese, 
favour  its  retention.  The  effects  of  cooling  have  also 
been  dealt  with,  and  the  different  degrees  of  greyness 
and  texture  present  in  castings  of  any  great  thickness 
referred  to.  All  causes  tending  to  retard  the  cooling 
produce  a  coarser  and  grey  structure,  and  those  hasten- 
ing cooling  produce  a  finer,  closer,  and  whiter  texture. 

When  molten,  the  whole  of  the  carbon  is  in  combina- 
tion in  the  iron,  and  the  compounds  are  dissolved  in  the 
molten  metal.  Rapid  cooling  prevents  the  separation 
of  graphite  which  would  occur  under  ordinary  con- 
ditions of  cooling.  The  effect  in  the  solid  casting  is  the 
production  of  a  surface  as  hard  as  hard  steel,  but  in- 
capable like  it  of  being  tempered.  No  doubt  the  heat 
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from  the  metal  behind  does  in  cooling  exert  an  annealing 
effect  upon  it,  and  relieve  stresses  set  up  by  the  rapid 
cooling,  and  resulting  from  the  presence  of  two  layers 
with  different  coefficients  of  expansion  and  other 
physical  properties.  This  latter  consideration  is  one 
that  has  always  to  be  borne  in  mind  when  dealing  with 
chill  castings. 

Iron  most  suitable  for  chilling  contains  not  more 
than  1  •  2  per  cent,  silicon,  0  •  1  sulphur,  0  •  5  phosphorus, 
and  0-7  manganese.  More  silicon  makes  the  depth  of 
chill  very  thin.  Too  much  phosphorus  necessitates  the 
iron  being  cooled  to  a  lower  temperature  before  solidifica- 
tion, and  thus  increases  the  work  thrown  on  the  chill. 
The  chills  are  moulds  in  cast  iron  of  those  parts  of  the 
casting  which  are  required  to  be  hard.  The  proportion 
the  thickness  and  mass  of  these  bear  to  the  weight  of 
the  casting  will,  of  course,  determine  the  rate  of  removal 
of  the  heat  from  the  metal,  and  thus  the  depth  of  chill. 
Deep  chilling  on  heavy  castings  can  only  be  got  by 
thick  chills. 

The  chills  are  most  effective  if  made  in  a  close  strong 
grey  iron  having  a  high  melting  point.  Open  grained 
irons  are  not  as  good  conductors  of  heat.  Irons  with 
low  phosphorus  are  best,  as  the  phosphide  liquates  out. 
New  chills  if  too  close  are,  especially  if  the  molten 
metal  used  for  the  casting  is  too  hot,  apt  to  crack. 
Chills  for  rollers  and  other  similar  purposes  must  be 
strengthened  by  shrinking  wrought-iron  bands  on  them. 
This  prevents  them  falling  to  pieces  even  if  cracked  by 
the  heat.  Hematite  irons  are  perhaps  the  best  materials 
for  chills,  but  any  strong  grey  iron  that  will  make  a 
good  chill  casting  of  the  kind  required,  will  serve  for 
the  chill  itself. 

Preparation  of  Chills. — Chills  require  to  be  sufficiently 
thick  to  produce  the  necessary  depth  of  chill.  The 
determination  of  thickness  is,  without  previous  experience 
not  easy  to  make  for  a  particular  job.  A  chill  that 
would  suit  one  man's  work  would  not  suit  another's, 
nor  would  the  same  thickness  do  for  iron  of  all  kinds.  Some 
indication  may,  however,  be  given.  It  is,  of  course, 
inadvisable  to  make  chill  moulds  too  thick,  as  the  ten- 
dency to  crack  is  thereby  increased.  It  may  be  advisable 


396  CHILL   CASTINGS. 

to  point  out  that  this  results  from  one  portion 
of  the  chill  expanding  more  rapidly  than  another 
when  brought  into  contact  with  the  hot  metal  as  the 
mould  fills.  Again,  in  cooling  the  outer  portion  cools 
more  rapidly  than  the  inner,  and  forms  another  tendency 
to  crack.  On  the  other  hand  chills,  if  too  thin,  do  not 
chill  to  a  sufficient  depth. 

Skin  chilling  can,  of  course,  be  effected  by  plates  of 
metal  laid  against  those  parts  requiring  to  be  hard,  plates 
from  Jin.  to  lin.  thick  being  used.  For  deep  chilling,  as 
in  casting  chilled  rolls  for  iron  rolling,  chills  from  two 
to  three  times  as  heavy  as  the  roller  itself  are  used.  Thus 
on  Sin.  rolls  chills  Sin.  thick  will  usually  serve,  on  lOin. 
rolls  from  3 Jin.  to  4in.,  while  for  larger  rolls  chills  Gin. 
to  Sin.  thick  are  employed.  The  above  thicknesses  are 
necessary,  as  the  chill  must  be  deep  enough  to  allow 
the  grooves  for  rolling  the  metal  to  be  turned  in  the  roll, 
and  to  allow  of  re-turning  when  worn. 

Proof  of  the  depth  of  chilling  is  always  necessary 
before  such  rolls  are  passed.  It  is  therefore  better  to 
ensure  chilling  to  a  sufficient  depth  than  run  the  risk 
of  rejection.  On  the  other  hand,  the  chill  should  not 
extend  so  deeply  as  to  affect  the  necks  of  the  rolls,  as  it 
is  necessary  that  they  shall  not  be  rendered  brittle  and 
hard  by  chilling.  All  the  toughness  and  strength  it  is 
possible  to  obtain  are  required  in  those  parts.  Further, 
the  weight  of  metal  locked  up  in  chills,  and  the  storage  of 
them,  are  items  that  require  consideration,  and,  as  noted 
above,  they  must  be  made  of  a  weight  to  suit  the  con- 
ditions of  working.  The  surface  of  the  chill  that  comes 
into  contact  with  the  casting  is  carefully  prepared. 
Often  it  is  machined.  This  gives  accuracy  and  also 
removes  the  outer  crust,  which  if  of  cast  iron  is  often 
slightly  different  in  character  from  the  interior,  and  in- 
creases the  tendency  of  the  blacking  to  crack  off.  Tool 
marks  are  made  as  insignificant  as  possible.  On  such  a 
machined  surface  the  molten  metal  will  not  lie  quietly, 
nor  will  blacking  adhere  properly.  The  smoothness  is 
removed  by  carefully  rusting  the  surface.  No  crust  of 
rust  must  form.  For  this  purpose  the  chills  are 
exposed  to  the  weather  and  wet  with  some  slightly 
saline  solution.  Urine  is  used  ;  a  very  dilute  solution  of 
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sal-ammoniac  also  serves.  The  main  object  is  to 
get  the  chill  uniformly  rusted.  This  is  smoothed 
over,  often  rubbed  by  hand.  The  best  result  is  obtained 


with  the  thinnest  possible  adherent  coating  of  rust. 
If  any  considerable  amount  of  rust  be  left  on,  the 
moisture  eliminated  when  the  hot  metal  comes  in  contact 
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with  it  will  be  disastrous  to  the  success  of  the  casting 
(see  former  chapters). 

Chills  are  generally  dressed  or  blackened  before  use. 
Naturally  the  material  used  must  not  interfere  with  the 
cooling  effect  of  the  chill. 

A  thin  wash  of  blacklead  (pure)  with  a  little  fine 
clay  is  often  used,  but  other  substances  are  also 
employed. 

Some  founders  do  not  dress  heavy  chills,  but  rely 
on  the  rust  coating  and  a  little  oil.  The  necessity  of  pro- 
tecting the  chill  from  injury  by  the  molten  metal  needs 
no  emphasizing,  and,  as  in  thin  castings  hot  metal  must  be 
used  in  order  to  obtain  the  necessary  fluidity  with  metal 
suitable  for  chilling,  the  possibility  of  the  chill  being 
damaged  is  obvious.  For  the  same  reason  the  absence  of 
phosphorus  is  necessary,  as  the  phosphide  will  sweat  from 
the  chill  even  if  the  surface  is  not  melted  by  the  metal. 

Sometimes  small  holes  and  rough  patches  appear  on 
chills.  These  may  be  rubbed  over  with  a  little  thick 
blacking,  and  thus  filled  up.  The  material,  however, 
interferes  with  the  cooling  of  that  part  of  the  surface, 
and  with  the  uniformity  of  the  chill.  Cracks  appearing 
in  chills  may  be  stopped  in  the  same  way,  or  a  little  loam 
may  be  used  in  either  case.  Chills  should  be  heated  in 
the  stove  before  being  placed  in  dry  sand  moulds.  If 
placed  in  the  mould  cold,  the  danger  from  fracture  by 
sudden  contact  with  the  molten  iron  is  increased,  and 
there  is  the  possibility  of  moisture  depositing  on  the 
cold  surface  of  the  metal,  and  causing  trouble.  The 
mould  should  be  cast  before  the  chill  cools  down. 

Chills  that  have  been  in  use  for  a  considerable  time, 
especially  those  used  on  heavy  castings,  deteriorate.  Not 
only  does  their  chilling  value  diminish,  but  the  castings 
are  liable  to  be  faulty,  blowholes,  either  quite  super- 
ficial or  with  a  skin  of  metal  as  a  cover,  being  present. 
The  former  effect  is  due  to  the  annealing  action  of  the 
metal  cast  in  contact  with  them. 

Examination  of  the  metal  forming  an  old  chill  shows 
that  its  character  has  altered  to  a  considerable  depth 
where  it  has  been  in  contact  with  the  metal.  The  alteration 
is  visible,  penetrating  to  as  much  as  an  inch  in  depth. 
Analysis  shows  that  the  metal  in  that  portion  contains 
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practically  no  combined  carbon  ;  even  though  the 
original  metal  contained  from  0-6  to  0-9  per  cent.  The 
separation  of  the  carbon  as  graphite  reduces  its  conduc- 
tivity, and  consequently  its  chilling  effect.  Such  chills 
are  more  liable  to  crack  because  of  the  slower  dispersion 
of  the  heat,  and  the  more  rapid  rise  in  temperature  of  the 
inner  part,  and  consequent  expansion  as  compared  with 
the  outer  portion  of  the  chill,  as  well  as  the  reduction  in 
strength  that  takes  place. 

The  second  effect  may  result  from  various  causes. 
Hot  metal,  while  casting,  may  produce  fusion  of  the 
surface  if  the  chill  is  of  unsuitable  iron,  and  prolonged  use 
may  lead  to  the  sweating  out  of  the  more  fusible  phosphide 
and  consequent  roughening  of  the  surface  and  the  pro- 
duction of  porosity  in  the  face  of  the  chill.  The  air,  thus 
entangled,  assuming  that  the  preparation  of  the  chill  has 
been  satisfactory,  is  responsible  for  the  blowholes  and  the 
appearance  of  having  been  cast  in  wet  sand.  As  it  cannot 
find  its  way  through  the  sand,  as  in  ordinary  castings, 
it  must  come  into  the  metal,  and  this  being  chilled  and 
stiff,  prevents  it  from  getting  away,  hence  the  trouble. 
Where  any  dressing  is  applied,  especially  if  it  contains 
liquid,  the  retention  of  this  in  the  pores  makes  matters 
worse. 

Often,  carelessness  is  responsible  for  bad  surfaces  on 
chilled  castings.  Chills  should  not  be  allowed  to  become 
rusty,  only  the  thinnest  adherent  film  is  admissible  in 
their  preparation,  and  they  should  not  afterwards  be 
allowed  to  rust.  If  such  should  however  be  the  case, 
the  chill  must  be  heated  sufficiently  to  completely  expel 
the  water,  in  combination  with  the  oxide  of  iron.  This 
occurs  at  600°  Fah.,  but  the  bulk  of  the  water  is  expelled 
at  a  much  lower  temperature.  Any  increase  in  the  thick- 
ness of  the  rust  coat  naturally  reduces  the  chilling  effect. 
Hematite  irons,  or  equivalent  qualities,  make  the  best 
chill  moulds.  Broken  chills  can  be  remelted  in  the  cupola, 
as  scrap,  in  the  ordinary  manner.  The  metal  has  not  been 
impaired,  although  its  appearance  may  be  somewhat 
changed. 

Filling  Chill  Moulds.— Observations  made  above,  of 
the  possibility  of  the  chill  cracking  through  unequal 
heating,  point  to  the  necessity  of  rapidly  filling  the  moulds 
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in  order  that  the  whole  surface  of  the  chill  may  be  similarly 
affected.  Large  gates  thus  become  necessary,  so  that  a 
large  stream  of  metal  may  be  admitted  to  the  mould. 
The  position  of  the  gate  and  the  direction  in  which  the 
metal  flows  must  be  selected  and  controlled  so  that  it 
does  not  impinge  on  the  surface  of  the  chill,  otherwise 
scouring  out  of  its  surface  may  occur. 

It  may  be  laid  down  as  a  guiding  principle  that  the 
heavier  the  casting  and  the  duller  the  metal  the  larger 
the  ingate  should  be  made,  in  order  that  solidification 
should  not  take  place  before  the  mould  is  filled.  Should 
this  occur,  irregular  patches,  lines,  &c.,  are  sure  to 
appear  on  the  casting  and  it  will  probably  be  unsound,  and 
in  any  case  weaker  than  it  should  be.  Wheels  are  run  at 
the  boss  ;  rollers  usually  at  the  neck,  the  ingate  being 
placed  tangentially  so  as  to  produce  a  circular  swirling 
motion  in  the  metal. 

Expansion  of  the  Moulds. — Chills  expand  when  filled, 
and  this  continues  till  they  have  attained  the  maximum 
temperature.  It  is  consequently  somewhat  difficult  to 
state  precisely  what  the  dimensions  of  cylindrical  chills 
for  rolls  and  other  purposes  where  the  metal  is 
contained  in  the  chill  should  be.  Knowing  even 
the  amount  of  expansion  of  cast  iron  is  only  a 
partial  help,  as  the  thickness  of  the  chill,  rate  of  trans- 
mission of  heat,  temperature  of  molten  iron,  and  rate  of 
pouring  has  each  its  effect.  The  chill  expands  as 
it  becomes  heated  and  its  capacity  is  thereby  increased, 
but  the  amount  of  expansion  varies  greatly.  It  may  be 
stated  generally  that  the  expansion  of  the  mould,  if  of 
similar  iron,  would,  when  heated  to  the  melting  point 
of  the  metal,  be  equal  to  the  contraction  of  the  metal 
cooling  under  ordinary  conditions.  Chilled  castings, 
however,  cool  under  very  special  conditions.  The  chilling 
of  the  surface  of  a  roll,  for  example,  causes  the  iron 
which  solidifies  to  complete  the  shrinkage  of  solidification 
at  once,  and  thus  increases  the  capacity  of  the  interior, 
the  metal  in  which  is  still  fluid.  Hence  the  necessity  of  pro- 
viding feeding  heads  and  gates  primed  with  hot  metal,  and 
properly  attended  to,  in  order  to  secure  soundness  of  the 
interior  and  strength  of  the  casting.  The  casing  of  solid 
metal  produced  by  the  chill  generally  becomes  thick 
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enough  and  strong  enough  to  resist  the  downward  pressure 
before  the  interior  of  the  casting  has  completely  solidified, 
and  it  must  in  any  case  be  sufficiently  thick  to  remain  at 
a  much  lower  temperature  than  the  casting  after  solidi- 
fication. The  increase  in  temperature  that  occurs  after  this 
point  has  been  attained  causes  the  chill  to  further  expand 
and  to  leave  the  casting  clear.  It  is  obvious  that  there 
is  always  a  possibility  of  fracture  of  the  solid  surface  of 
the  casting  taking  place  by  the  pressure  caused  by 
contraction  of  solidifying  upper  portions  if  the  interior  of 
the  lower  part  of  the  casting  still  remains  molten.  The 
only  safeguard  is  to  maintain  a  clear  way  into  the  interior 
until  solidification  has  practically  become  complete. 
Cracks  in  the  bottom  of  castings,  unfortunately,  are 
common  enough.  These,  it  will  always  be  observed,  are 
widest  at  the  bottom,  and  in  some  cases  it  will  be  seen 
that  molten  iron  has  flowed  through  them.  The  causes 
for  this  are,  that  the  solidified  crust  of  iron  formed  by 
chilling  has  not  been  strong  enough  to  resist  the  force 
resulting  from  its  own  contraction  upon  the  fluid  incom- 
pressible metal  which  it  surrounds,  the  pressure  of  which 
is  of  course  determined  by  the  height  of  the  column,  the 
degree  of  confinement,  and  freedom  of  movement. 

The  conditions  affecting  the  liability  to  cracking  are 
the  weight  of  the  chill  and  consequent  thickness  of  the 
solidified  envelope,  and  the  composition  and  tenacity  of 
the  iron.  Phosphoric  irons,  whose  tenacity  when  freshly 
solidified  is  low,  will  more  readily  crack,  and  the  fluid 
phosphide  or  phosphoric  iron  exude  through  the  cracks. 
Metals  passing  through  a  pasty  condition,  while  solidi- 
fying, are  also  liable  to  produce  cracked  castings.  For 
this  reason  the  presence  of  some  manganese  in  the  metal 
is  advantageous,  the  tendency  being  to  reduce  the  period 
of  pastiness  as  well  as  reducing  the  effects  of  sulphur. 
The  expansion  of  the  chill  away  from  the  casting  has 
considerable  influence  on  the  tendency  to  crack. 

It  has  also  to  be  borne  in  mind  that  the  casting  is 
somewhat  greater  than  the  chill  at  ordinary  temperatures  ; 
consequently,  if  allowed  to  cool  completely,  the  chill  will 
contract  itself  upon  the  casting  and  adhere  to  it.  There 
is,  as  will  be  seen  from  a  consideration  of  the  foregoing,  a 
period  during  which^the  chill  is  receiving  heat  from  the 
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casting  more  rapidly  than  it  is  dissipating  it,  and  in 
consequence,  its  temperature  is  continually  rising.  During 
the  early  part  of  this  period  the  casting  is  molten,  but 
during  the  latter  portion  the  outside  is  at  any  rate  solid. 
This  period  is  followed  by  one  in  which  it  is  losing  heat 
more  rapidly  than  it  gains  it,  and  the  chill  commences  to 
cool  and  contract.  Down  to  a  certain  point,  when  its 
contraction  brings  it  into  contact  with  the  casting,  it 
will  be  free.  Beyond  that,  it  will  naturally  cool  more 
rapidly  than  the  casting  it  envelops  and  the  heat  from 
which  it  has  to  transmit.  Binding  will  thus  occur,  and  it  is 
necessary  in  certain  types  of  chill  castings  to  remove  it  from 
the  chill  at  a  proper  time,  before  its  separation  from  the 
casting  becomes  impossible.  This  effect  is  less  marked 
with  new  chills  than  with  old  ones,  especially  when  the 
chills  are  cast  in  very  close  iron.  The  reason  is,  that  the 
annealing  effect  which  contact  with  the  hot  iron  has  on 
the  metal  (together  with  the  blacking  used)  prevents  its 
contraction  to  its  original  size.  This  expansion  is,  together 
with  the  expansion  caused  by  heat,  responsible  for  the 
frequent  cracking  of  cylindrical  chills.  The  exact  time 
at  which  removal  from  the  mould  should  take 
place  can  only  be  decided  by  experience.  It  may  be  taken 
for  granted  that  the  casting  should  be  removed  as  soon 
as  it  is  capable  of  bearing  the  strain  necessary  to  handle 
it.  If  failure  occurs,  then  either  the  chill  must  be  made 
thicker,  so  as  to  prolong  the  period  of  its  expansion, 
increase  its  heat-absorbing  power,  and  thus  increase  the 
strength  attained  by  the  casting  in  a  given  time,  or  a 
stronger  and  more  suitable  metal  must  be  used  for  the 
casting. 

Where  chilling  pins  are  used  to  harden  the  interior  of 
holes  the  case  is,  of  course,  just  the  opposite.  Expansion 
of  the  pin  by  heat  merely  enlarges  the  hole,  and  when  the 
casting  is  cold  it  can  be  driven  out  without  difficulty. 

The  actual  amount  of  contraction  that  occurs  in 
castings  is,  as  appeared  in  former  articles,  more  dependent 
on  form,  thickness,  &c.,  than  on  the  mass.  Chilled 
castings  contract  less  than  ordinary  castings,  partly  due 
to  the  increase  in  volume  of  the  mould,  and  partly  to 
the  rapid  solidification  while  communication  is  main- 
tained with  the  metal  supply. 
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In  pouring  chill  castings,  all  gates  must  be  of  ample 
size,  clear  running,  and  suitably  placed.  The  metal  must 
be  sufficiently  hot,  for  it  is  necessary  to  have  all  the 
carbon  completely  dissolved  in  combination  in  the  iron, 
and  the  best  chilling  metal  contains  only  a  small  pro- 
portion of  those  elements  that  tend  to  make  iron  fluid 
and  easy  to  pour.  It  must  not,  however,  be  hotter  than 
is  necessary.  Increase  in  temperature  throws  more  work 
on  the  chills  and  increases  the  liability  to  fracture  and 
the  scouring  out  of  the  chilling  surface.  The  advice 
sometimes  given  to  pour  the  metal  dull  must  be  considered 
with  due  regard  to  the  composition  of  the  iron  and 
the  weight  of  the  castings.  The  best  results  are  obtained 
when  with  carbon  completely  combined,  the  moulds  are 
filled  at  the  lowest  temperature  possible.  Feeding,  on 
such  castings  as  chilled  rolls,  becomes  a  necessity. 

Rolls  may  be  fed  by  means  of  a  feeder  head  the  full 
size  of  the  wabbler  end,  which  opens  out  on  the  surface. 
In  pouring  the  roll,  the  mould  is  filled  as  rapidly  as 
possible  up  to  the  wabbler  end  by  the  ingate,  in  the  usual 
manner.  The  feeder  head  is  then  filled  up  with  hot  metal 
brought  direct  from  the  furnace.  With  large  rolls,  this 
head  is  made  nearly  as  wide  as  the  roll  itself,  a  few  inches 
above  the  end,  and  is  sometimes  of  considerable  length. 
The  object  is  to  increase  the  pressure  and  provide  a  body 
of  metal  that  will  keep  fluid  a  considerable  time.  The 
heads,  when  full,  are  covered  to  retain  the  heat. 

When  castings  are  removed  from  the  sand  they 
should  be  placed  in  such  a  position  that  they  may  cool 
down  uniformly.  Even  draughts  should  be  avoided,  and 
on  no  account  should  artificial  cooling  be  resorted  to. 
No  hardening  effect  can  be  produced  by  such  treatment, 
for  although  suitable  castings  can  be  both  hardened 
and  tempered,  the  condition  in  which  they  are  taken 
from  the  sand  is  not  favourable  to  such  treatment.  The 
surface  is  below  the  temperature  at  which  such  changes 
are  possible,  and  with  heavy  work  the  bulk  is  too  great 
to  run  the  risk  of  cracking,  and  otherwise  injuring  the 
castings. 

Chills  should  immediately  when  finished  with  be  put 
away  under  cover,  and  if  not  likely  to  be  required  for 
some  time,  rubbed  over  with  oil  to  prevent  rusting.  This 
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must  be  removed  as  completely  as  possible  before  again 
using,  or  the  vapour  may  produce  blowholes. 

Attempts  to  use  water-cooled  chills  have  not  been 
successful.  Apart  from  the  risk  attaching  to  their  use, 
if  by  any  chance  cracking  or  other  accident  should  admit 
water  to  the  mould,  the  sudden  chilling  makes  it  so  much 
more  difficult  to  fill  the  mould  without  producing  cold- 
short marks  on  the  surface.  Attempts  have  also  been 
made  to  cool  an  ordinary  chill  externally,  by  encircling 
it  with  pipes  conveying  cold  water  and  also  by  means  of 
a  water  spray.  In  the  latter  case  the  bottom  of  the  chill 
was  provided  with  a  kind  of  gutter  for  carrying  away 
the  water.  With  the  latter  modes  of  applying  water, 
risk  of  accident  is  reduced  and  more  rapid  cooling  occurred. 
A  deeper  chill  was  obtained,  and  with  reasonable  care  no 


FIG.  205. — MOULD  von  A  CHILLED  CAK  WHEEL. 

greater  difficulty  in  the  removal  of  the  chill  was  presented. 
Another  method  that  has  been  suggested  for  increasing 
the  effectiveness  of  the  chill  without  increasing  its  mass 
is  to  somewhat  reduce  the  weight  of  the  chill  and  cast 
vertical  ribs  on  the  outside,  extending  from  top  to  bottom. 
These  greatly  increase  the  outer  surface  of  the  chill 
and  act  as  distributors  of  the  heat  conducted  from  the 
metal,  thus  accelerating  the  cooling  of  the  casting. 

Grain  Rolls. — Chilled  castings  have  displaced,  in  some 
cases,  hardened  steel,  but  its  brittleness  will  always  be  a 
bar  to  its  extensive  adoption  where  sudden  variations  of 
force  occur.  Rolls  for  iron  are  not  all  chilled.  Often  only 
the  finishing  rolls  are  of  this  character.  The  necessity,  in 
this  case,  of  providing  a  material  that  shall  resist  wear,  and 
under  severe  conditions,  maintain  for  a  long  period  the 
exact  size  of  the  grooves  turned  in?  is  apparent.  Other 
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rolls,  in  close  cast  iron,  are  known  as  "  grain  "  rolls,  and 
in  some  cases  the  grooves  are  cast  in.  The  roll  is  swept 
up  by  a  suitable  sweep  in  dry  sand,  and  the  surface 
finished  by  one  or  two  very  thin  coatings  of  loam. 

Fig.  205  is  a  mould  for  a  car  wheel,  showing  the 
chill  for  the  tread,  and  also  for  the  axle.  It  will  be  observed 
that  the  chill  practically  forms  the  middle  part  of  a  three- 
part  mould,  and  that  the  fitments  of  the  boxes  are  adjusted 
to  it.  In  this  case,  the  mass  is  such  that  any  effect  of  the 


FIG.  206. — MOULD  FOB  A  CHILLED  ROLL. 

chill  is  so  small  that  it  may  be  neglected. ^The  tread  of 
a  car  wheel  should  not  be  chilled  more  than  fin.  deep,  as 
before  that  thickness  has  been  worn  off,  the  wheel  would 
be  useless,  while  the  thinner  chilled  part  leaves  the  rim 
tough.  These  wheels  are  run  with  metal  as  cool  as  possible. 
Fig.  206  shows  the  mould  for  a  chilled  roll.  The  necks 
and  wabbler  ends  are  moulded  in  dry  sand  in  the  boxes  A 
which  are  provided  with  internal  flanges  for  attachment 
to  the  chill  B.  This,  as  shown,  is  encircled  by  bands  of 
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wrought  iron.  C  is  the  feeder  head,  and  D  the  runner. 
Sometimes  the  two  ends  are  moulded  in  loam  over  the 
chill  to  secure  concentricity  with  the  main  body  of  the 
roll,  but  with  ordinary  care  this  is  unnecessary  if  the  ears 
and  pins  of  the  boxes  fit  well. 


CHAPTER    XV. 

MALLEABLE  CASTINGS. 

THE  manufacture  of  castings  of  a  malleable  character  so 
that  toughness  and  strength  should  be  associated  with 
ease  of  production  has  long  been  the  aim  of  the  iron- 
founder.  Castings  of  this  nature  have  been  produced 
more  or  less  successfully  for  a  longer  period  than  is 
generally  thought.  Its  probable  discovery  dates  from 
about  1700.  Raumur  in  1722  succeeded  in  producing 
such  castings  by  methods  not  largely  differing  from  those 
now  in  use,  but  it  is  stated  that  the  process  was  known 
20  years  previously,  but  kept  secret.  The  Lucas  patents 
were  taken  out  in  1804.  During  recent  years  methods 
have  undergone  considerable  improvement,  both  as 
regards  the  mixtures  employed,  and  methods  of  melting. 

Malleable  castings  differ  from  ordinary  castings  by 
being  less  brittle  and  generally  stronger.  Thin  ones 
may  often  be  bent  and  twisted  without  breaking.  This 
malleable  character  is  induced  by  prolonged  annealing 
under  proper  conditions.  Before  annealing,  the  castings 
are  hard  and  brittle.  The  fracture  is  not  grey,  but  white 
and  glistening,  though  not  exactly  like  white  pig  iron. 
After  annealing,  the  tensile  strength  may  vary  from  15 
to  20  tons  per  square  inch,  and  is  thus  much  higher  than 
the  average  of  iron  castings  and  higher  than  the  best 
grey  castings. 

Modern  processes  produce  castings  having  a 
tensile  strength  even  up  to  23  tons  per  square  inch.  The 
elongation  in  malleable  castings  varies  from  0  to  6  per 
cent.  The  latter  is  only  obtained  on  thin  castings. 
Tests  are  made  on  cast  bars  not  turned  down,  as  previously 
described  for  cast  iron.  The  test  bars  are  0  •  7979in.  (0  •  8) 
in  diameter,  giving  a  sectional  area  of  0-5  sq.  in.,  and 
1ft.  long.  The  bars  after  annealing  are  marked  at 
intervals  of  an  inch,  and,  after  breaking,  the  two  pieces  are 
laid  together,  and  the  length  between  the  three  marks 
which  include  the  fracture  measured.  The  original 
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length  being  2in.,  the  increase  over  that  length  can  be 
stated  as  a  percentage. 

The  transverse  strength  is  generally ?taken{on|bars 
lin.  square  on  supports  1ft.  apart.  Such  bars  show  a 
strength  of  30  to  40  cwts.,  with  a  deflection  ^in.  to  xim- 
In  exceptional  cases  this  is  considerably  exceeded. 

The  resistance  to  shock  is  much  greater  than  ordinary 
cast  iron,  and  in  small  and  light  castings  it  is  not  inferior 
to  mild  steel  for  slight  shocks  and  continued  vibration. 

This  marked  change  in  the  properties  results  principally 
from  the  manner  in  which  the  carbon  in  the  metal  is 
present  in  the  annealed  casting,  and  the  amounts  of 
other  constituents  present. 

In  the  original  casting,  the  carbon  is  all  in  combination 
in  the  metal.  It  is  necessary  to  produce  a  satisfactory 
casting  that  practically  no  graphite  should  be  formed  dur- 
ing the  solidification  from  fusion.  The  temperature  that 
would  be  necessary  to  satisfactorily  anneal  castings  con- 
taining graphite  could  not  be  obtained  safely  owing  to  the 
low  melting  point  of  cast  iron.  The  castings  would  have 
to  be  heated  sufficiently  to  dissolve  the  graphite  before 
proper  annealing  could  proceed. 

In  the  annealed  casting,  the  carbon  is  all  present 
as  free  amorphous  carbon,  "  temper  graphite  "  having 
separated  from  the  iron  in  a  finely  divided  state  during 
the  annealing,  but  remaining  in  intimate  admixture 
with  the  metal,  not  in  flakes  as  with  graphite,  but  in  a 
fine  state  of  division.  The  annealed  casting  exhibits  a 
dull  blackish  appearance,  without  glisten,  hence  the  term 
"  black-heart  castings  "  applied  to  one  form  of  these 
castings.  This  internal  separation  of  the  carbon  does  not 
break  the  continuity  of  the  iron  skeleton  in  which  it 
remains  included,  and  as  the  absence  of  other  ingredients 
is,  as  will  presently  appear,  necessary,  the  natural 
tough,  ductile,  and  malleable  qualities  of  iron,  unimpaired 
by  the  presence  of  foreign  elements  or  admixed  graphite, 
account  for  the  changes  in  the  nature  of  the  castings. 

Silicon — Reference  to  the  effects  produced  by  other 
elements  than  carbon  in  cast  iron  will  show  that  the 
amount  of  silicon  must  be  carefully  regulated,  owing 
to  its  tendency  to  separate  graphite.  The  proportion 
of  silicon  in  thin  castings  may  be  greater  than  for  thick 
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ones,  as  the  more  rapid  cooling  of  the  former  helps  to 
retain  the  carbon  in  combination.  For  thick  castings 
the  metal  as  cast  should  not  contain  more  than  0-4  per 
cent.,  and  for  thin  ones  0-9  to  1  per  cent.  The  latter 
proportions  refer  to  castings  under  0-5in.  thick.  Less 
would  be  desirable  if  it  were  not  for  the  excessive  shrinkage 
that  would  result,  and  the  difficulty  of  running  free  from 
cold  shorts.  Castings  Jin.  and  over,  from  0  •  5  to  0  •  7  per 
oent.,  and  for  thicker  castings,  0-3  to  0-5  per  cent. 
Very  thin  castings,  such  as  cutlery,  saddlery,  and  hard- 
ware castings,  contain  up  to  1  •  25  per  cent,  and  upwards 
of  the  element.  These  are  the  proportions  existing 
in  iron  of  otherwise  suitable  quality. 

The  percentage  of  silicon  should  be  determined  for 
each  cast,  samples  of  the  iron  being  taken  at  different 
periods  during  the  cast.  If  the  metal  contains  too  much 
silicon  it  is  obviously  wasteful  to  proceed  with  its  further 
treatment,  and  much  better  to  remelt  the  castings.  If 
the  proportion  is  not  quite  as  desired,  some  little  altera- 
tions in  the  subsequent  treatment  may  produce  a 
satisfactory  result.  For  very  thin  work  such  as  buckles, 
&c.,  as  much  as  2  per  cent,  of  silicon  is  sometimes  used, 
but  the  metal  is  not  suitable  for  decarburising  annealing. 

Analysis  of  Cast-metal  Forks  (Arnold). 


Iron. 

a  sji 
111 

Gra- 
phite. 

Sili-    Manga- 
con.      nese. 

Sulphur 

Phos- 
phorus 

As  cast...      ...  r..;.. 
After  annealing  ... 

92-832 
92-905 

2-96 

0-08 

trace 
2-91 

2-01i0.605 
1-890-578 

0-097 
0-117 

1-496 
1-520 

The  above  analysis  shows  the  change  of  the  com- 
bined carbon  to  temper  graphite  during  annealing  that 
occurs  in  black-heart  castings. 

Analysis  showing  the  Effect  of  Decarburising  Annealing. 


As  cast        

94-95 

3-48 

0-59 

0-59 

0-11 

0-28 

After    annealing 

once  in  iron  ore 

97-9 

0-43 

0-61 

0-62 

0-15 

0-29 

After    annealing 

twice        

98-24 

0-10 

0-62 

0-58 

0-16 

0-30 
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Slack-heart  Casting. 

Iron        97-26 

Combined  carbon  ...         ...  ...  trace 

Temper  graphite  ...          ...  ...       1  •  62 

Silicon    ...                                ...  ...       0-68 

Manganese         ..  ...          ...  ...       0-22 

Sulphur...  ...       0-12 

Phosphorus       ...  ...         ...  . .       0-1 

Carbon — The  proportion  of  carbon  should  be  as  high 
as  possible  without  exceeding  the  amount  that  can  be 
kept  in  solution  by  the  iron  at  the  temperature  of  casting. 
This  is,  however,  less  important  than  in  ordinary  castings, 
as  being  retained  in  combination  it  does  not  produce  the 
same  effect  in  diminishing  shrinkage  as  it  does  with  grey 
castings.  Its  principal  value  is  in  increasing  the  fluidity 
of  the  molten  iron,  and  in  producing  a  good  smooth,  clear 
skin  on  the  castings. 

The  quantity  actually  present  in  malleable  castings 
varies  between  1  •  5  and  4  per  cent.  The  latter  figure  is 
now  seldom  reached,  as  it  is  only  obtainable  with  char- 
coal irons.  With  less  than  1  •  5  per  cent,  the  castings, 
while  not  apparently  differing  from  others  before  annealing, 
produce  a  very  poor  casting.  This  is  probably  owing  to 
changes  occurring  during  the  pouring  and  cooling  of  the 
casting,  as  a  result  of  the  lack  of  liquidity  of  the  metal 
and  consequent  interference  with  the  progress  of  crystalli- 
sation while  solidifying.  It  has  also  become  the  practice 
to  add  mild  steel  punchings  and  other  steel  scrap  to  the 
metal.  As  this  material  only  contains  up  to  about  0  •  5 
per  cent,  carbon,  it  is  obvious  that  such  addition  will 
reduce  the  carbon  contents,  and  increase  such  difficulties 
as  may  arise  from  this  cause.  Within  the  limits  given, 
however,  good  annealing  can  be  obtained,  but  the 
strength  of  the  resulting  castings  will  vary.  High 
carbon  usually  accompanies  lower  strength. 

In  the  castings  from  the  sand,  the  carbon  is  combined 
and  a  white  crystalline  appearance  results.  Castings 
showing  a  mottled  or  grey  appearance  produce  weaker 
castings.  These  mottlings  may  vary  from  the  size  of  a 
small  pin's  head  to  that  of  a  small  pea,  according  to  the 
size  of  the  casting  and  the  temperature  of  the  iron. 
When  annealed,  such  castings  show  little  advantage  over 
good  grey  castings,  having  only  a  tensile  strength  varying 
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from  12  to  15  tons,  and  no  elongation.  Very  strongly 
mottled  castings  are  often  actually  weaker  after  anneal- 
ing than  ordinary  castings. 

r  -i  Castings  showing  surface  chill,  that  is,  those  in  which 
the  interior  is  surrounded  by  a  distinct  white  crystalline 
layer,  often  show  after  annealing  the  highest  tensile 
strength,  but  the  elongation  is  low.  The  greatest 
elongation,  combined  with  moderately  high  tensile  strength 
(18-5  to  20  tons)  is  obtained  from  castings  which,  while 
being  white  throughout  and  quite  free  from  graphite, 
show  no  distinct  surrounding  layer. 

The  action  of  the  graphite  in  so  greatly  reducing  the 
tensile  strength  is  not  very  apparent.  The  suggestion 
has  been  made  that  its  presence  furnishes  a  channel  by 
which  oxidation  can  penetrate  into  the  interior  of  the 
casting  and  thus  weaken  it.  The  statement,  however, 
lacks  verification.  »;  $,] 

Castings  in  which  decided  chill  is  apparent  produce 
worse  results  as  regards  elongation  owing  to  the  presence 
of  two  kinds  of  iron  whose  physical  characters  differ. 
They  expand  differently  by  heat,  and  unless  slowly 
heated  are  liable  to  blister.  This  tendency  is  more 
marked  if  a  high  temperature  is  attained  during  the 
annealing,  and  there  is  any  approach  to  burning  of  the 
castings.  Such  castings  are  also  more  easily  burnt.  Irons 
containing  much  sulphur,  and  especially  from  cupola 
melting,  are  liable  to  be  similarly  affected.  It  is  not, 
however,  confined  to  metal  melted  in  the  cupola. 

Phosphorus  interferes  with  the  production  of  true 
malleable  castings,  that  is,  those  in  which  the  decarburi- 
sation  is  carried  out  as  distinguished  from  "  black-heart  " 
castings.  The  fusibility  of  the  phosphoric  eutectic  is 
liable  to  produce  sweating  at  the  surface,  even  if  the 
hard  casting  itself  be  good.  It  also  tends  to  distortion 
during  annealing  if  the  temperature  be  high.  Iron 
containing  more  than  0-3  to  0-4  is  unsuitable.  In 
very  thin  castings  for  buckles,  &c.,  the  amount  is  some- 
times as  much  as  1-5  per  cent.,  but  such  castings  will 
stand  little  annealing. 

Sulphur  has  a  very  considerable  effect  on  malleable 
castings,  and  the  proportion  present  must  be  care- 
fully watched.  This  element  tends  to  the  retention  of 
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the  carbon  in  the  combined  state,  and  thus  retards  or 
prevents  the  separation  or  removal  of  the  carbon 
from  the  iron,  the  change  upon  which  the  annealing 
depends  to  make  the  castings  malleable.  Its  action  is 
most  marked  at  low  temperatures,  hence  makers  of 
"  black-heart  "  castings  decry  the  element,  and  place  the 
limit  very  low,  as  low,  in  fact,  as  0-03  to  0-04.  There  are 
two  reasons  for  desiring  low  sulphur  contents  :  (1) 
To  reduce  the  shrinkage  (this  is  increased  when  the 
percentage  of  sulphur  is  high),  which,  as  above  noted, 
is  always  greater  in  hard  castings  for  malleable,  than 
in  ordinary  grey  castings  ;  and  (2)  a  higher  temperature 
and  more  prolonged  annealing  are  necessary  when  the 
iron  contains  much  sulphur.  It  is,  however,  possible  to 
make  good  castings  with  much  more  sulphur  than  is 
stated  above.  Castings  containing  not  more  than  0-05 
per  cent,  sulphur  and  -f^  thick  can  be  annealed  in  3 1  days. 
Similar  bars,  containing  0-15  per  cent,  sulphur,  require 
six  to  seven  days.  In  very  thin  uniform  sections,  five 
days  will  suffice.  Iron  containing  higher  sulphur  con- 
tents may  also  be  annealed,  but  the  product  is  not  quite 
like  a  malleable  casting.  It  is  in  behaviour  more  like 
steel,  but  does  not  show  a  steely  fracture.  The  fracture 
is  whitish,  and  often  more  or  less  crystalline,  with  small 
flats  on  the  fracture  (this  refers  to  oxide  packings).  Its 
tensile  strength  may  be  high,  and  it  is  stiff  and  rigid.  The 
extension  is,  however,  low,  and  its  deflection  is  much 
reduced.  There  is,  moreover,  a  necessity  to  heat  more 
strongly  in  annealing,  and  the  possibility  of  burning  the 
heat  is  thereby  increased.  Castings  with  as  much  as 
0-25  per  cent,  of  sulphur  have  been  annealed,  with  the 
results  given  above.  They  were  soft,  but  not  as  soft  as 
sulphur  free  castings.  This  action  of  sulphur  has  to  be 
borne  in  mind  when  buying  coke,  for  cupola  work,  and 
generally  in  deciding  how  the  iron  for  the  castings  shall 
be  melted.  It  may  be  laid  down  as  a  general  principle 
that  the  lower  the  sulphur  the  fewer  will  be  the  number  of 
spoilt  hard  castings,  and  the  easier  will  be  the  annealing 
process,  with  fewer  returns  to  the  pots. 

It  has  been  said*  that  a  so-called  hard  or  special 
steel  is  made  by  the  introduction  of  the  element  to  the 

*  Stanford  Am.  Soc.  C.E. 
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extent  of  0  •  2  per  cent.  Its  behaviour  is,  however,  some- 
what erratic,  due  to  the  many  conditions  which  contribute 
to  the  final  result.  (See  also  page  38.) 

Manganese. — This  metallic  element,  as  formerly  noted, 
combines  with  carbon  to  form  a  definite  carbide 
but  containing  as  the  composition  shows  six  times  as 
much  carbon  per  unit  of  metal,  so  that  retention  of 
carbon  seems  more  likely  to  occur.  The  carbide  is, 
however,  less  soluble  in  iron  than  iron  carbide,  and  in 
consequence  separates  at  a  higher  temperature  as  the  iron 
cools.  Its  behaviour  in  malleable  castings  has  not  been 
fully  investigated,  but  the  joint  effect  of  these  actions 
is  within  limits  to  practically  neutralise  each  other,  and 
good  malleable  castings  can  be  made  with  iron  containing 
up  to  0-6  per  cent,  of  the  element,  if  much  carbon  be 
present.  It  is  less  satisfactory  for  making  black-heart 
castings,  especially  if  the  carbon  be  low.  It  has  a  ten- 
dency to  make  the  castings  steely. 

Moulds. — The  moulds  are  made  in  green  sand,  and 
thoroughly  vented.  Good  fine  sand  is  necessary  to 
produce  a  good  face.  A  mixture  of  cement  and  plumbago, 
or  of  terraflake  and  plumbago, makes  good  facing.  Most 
of  the  work  is  repetition  work,  andean  be  made  on  suitable 
machines.  It  is  necessary  in  view  of  the  greater  shrinkage 
of  the  iron  to  employ  larger  gates  and  risers  than  in 
making  grey  castings.  Reference  should  be  made  to  the 
former  article  on  that  subject.  One  of  the  difficulties 
in  the  malleable  foundry  is  that  of  getting  soundness 
where  there  is  a  considerable  change  in  thickness.  The 
feeding  is  difficult,  owing  to  the  exceptional  character  of 
the  metal,  and  the  absence  in  large  amount  of  any 
element  save  carbon  that  ensures  fluidity.  It  therefore 
calls  for  the  greatest  judgment  to  determine  whether 
risers  are  necessary  or  not.  The  probability  of  the  forma- 
tion of  holes  just  under  the  point  where  the  riser  or  gate 
joins  the  casting  is  more  frequent  than  with  ordinary 
castings.  Shrink  heads,  if  employed,  should  be  wider 
at  the  bottom  than  the  top,  in  order  that  the  passage  of 
the  metal  to  the  casting  shall  not  be  impeded  by  the 
solidification  of  the  metal  in  the  neck.  As  before  pointed 
out,  the  proximity  of  the  hot  metal  forming  the  head 
keeps  that  part  of  the  casting  hot  longest,  and  it  com- 
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pletes  its  solidification  last,  with  the  result  that  unless  it 
can  be  adequately  fed  the  cool  casting  will  be  drawing 
upon  it,  and  producing  unsoundness.  If  the  shrink 
head  covers  the  whole  surface  of  the  casting,  it  may,  of 
course,  widen  out  upwards. 

Mixing  the  Iron. — (1)  Scrap.  Owing  to  the  character 
of  the  work,  there  is  necessarily  a  good  deal  of  hard* 
scrap  produced  in  a  malleable  foundry.  This  consists 
of  gates,  shrinkage  heads,  and  risers,  and  spoilt  castings 
(cold  shorts,  &c.).  Besides,  there  are  the  spoilt  annealed 
castings.  These  latter  are  somewhat  of  a  drug,  especially 
in  ore-annealed  decarburised  castings.  This  is  due  partly 
to  the  loss  of  carbon,  but  also  to  the  difficulty  of  melting 
and  mixing  the  iron  due  to  the  oxidation  of  the  silicon 


FIG.  207.— Am  FURNACE  FOR  MELTING  IRON,  BURNING  COAL. 

that  occurs  during  the  annealing  in  the  pots.  The 
silica  that  forms  is  not  like  the  carbon  removed  as 
gas,  but  remains  behind  in  the  metal  in  a  finely-divided 
state,  and  must  in  melting  in  the  cupola  be  slagged.  This, 
owing  to  the  distribution,  it  is  very  difficult  to  accom- 
plish and  produce  clean  iron.  Silicon  produces  approxi- 
mately twice  its  weight  of  silica,  which  requires  3J 
times  its  weight  of  limestone  to  flux  it,  or  seven  times 
the  weight  of  silicon  in  the  iron,  producing  practically 
four  times  its  weight  of  slag.f 

In  addition,  the  higher  temperature  required  for 
melting  it  makes  the  other  metal  so  fluid  that  it,  being 
denser  from  the  absence  of  foreign  elements,  does  not 

*  To  distinguish  from  malleable  scrap  that  has  come  from  the  annealing  pots, 
f  The  carbonic  acid  gas  from  the  limestone  is  expelled.      Fluor  spar,  free 
from  sulphur,  may  be  used  with  advantage  as  a  flux. 
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readily  mix.  From  these  considerations,  it  will  be  seen 
that  the  extent  to  which  it  can  be  used  in  a  furnace 
mixture  will  depend  largely  on  the  method  of  melting. 
The  largest  amount  will  be  possible  in  those  cases  where 
the  whole  metal  is  retained  in  a  fluid  state  till  admixture 
is  perfect,  no  portion  being  drawn  away  till  the  whole 
charge  is  melted,  and  the  least  amount  where  the  metal 
is  removed  as  melted. 

From  the  above  it  follows  that  open  hearths  and 
air  furnaces  offer  the  possibility  of  using  the  larger 
proportions,  and  cupolas  least. 

These  remarks  apply  to  decarburised  malleable  scrap. 
It  must  not  be  overlooked  that  the  amount  of  scrap  used 
will  greatly  influence  the  composition  of  the  mixture, 
and  must  be  allowed  for.  With  ore-annealed  decar- 
burised work,  the  silicon  it  contains  may  be  neglected. 
With  black-heart  work  it  may  be  taken  to  average  from 
0-3  to  0-4  per  cent.,  and  calculations  may  be  based  on 
that.  Further,  in  fixing  the  proportion  of  scrap  used  it 
must  be  remembered  that  the  silicon  loss  in  both  open- 
hearth  and  air-furnace  work  is  greater  than  in  the  cupola. 
This  is,  of  course,  due  to  the  generally  reducing  conditions 
that  obtain  in  the  cupola,  while  in  the  furnaces  of  the 
former  types  they  are  oxidising.  The  loss  in  the  cupola 
varies  from  0  •  2  to  0  •  25  per  cent.  In  the  air  furnace  and 
open  hearth  it  may  vary  from  0  -35  to  0  -45  per  cent.,  and 
occasionally  more,  even  when  it  is  not  intended  to  remove 
the  silicon,  as  is  often  done  in  open  hearth,  when  that 
element  exists  in  too  large  proportion  in  the  mixture. 

With  malleable  scrap  that  has  not  been  decarburised 
a  large  proportion  may  be  used  in  the  cupola,  and  castings 
have  been  made  from  mixtures  containing  as  much  as 
75  per  cent,  of  scrap.  This  is,  however,  only  possible 
in  running  castings  containing  from  0  •  65  to  0  •  9  per  cent, 
silicon  and  using  scrap  of  the  same  character.  The 
shrinkage  trouble  is,  of  course,  increased.  A  mixture 
of  this  character  is  sometimes  used  for  making  annealing 
pots. 

A  very  common  mixture  for  malleable  castings  is 
50  per  cent,  of  approved  pig  iron,  50  per  cent,  of  hard  scrap. 
The  latter  is  replaced  by  malleable  scrap  in  amounts  varying 
from  5  per  cent,  in  the  cupola  and  from  25  per  cent,  in 
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the  open  hearth,  depending  on  the  pig  iron  used,  and  the 
considerations  just  enumerated. 

For  heavy  castings  it  is  necessary  on  account  of  the 
greater  shrinkage  to  increase  the  pig  iron,  and  it  may 
constitute  75  per  cent,  of  the  mixture. 

The  addition  of  ferro-silicon  does  not  serve  quite 
the  same  purpose,  as  the  carbon  contents  are  deficient  in  a 
heat  containing  too  little  pig. 


FIG.  208.— BOXES  FOR  PACKING  CASTINGS  FOR  ANNEALING. 

The  employment  of  steel  scrap  may  be  judged  on 
exactly  the  same  lines  as  malleable  scrap,  except  that 
there  is  no  trouble  with  the  fluxing.  As  the  steel  is 
practically  free  from  silicon,  no  trouble  can  arise  from 
that  cause.  The  mixture  of  the  irons  may  be  conducted 
on  the  lines  already  laid  down. 

Mixture  for  Annealing  Pots — The  mixture  used  for  heavy 
castings  will  make  good  pots.  The  best  pots  are  those 
which  are  closest  grained  with  least  crystallisation.  Such 
pots  seldom  crack,  and  do  not  burn  quicker  than  those 
crystallised  like  castings.  The  metal  should  after  casting 
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be  free  from  graphite  in  distinct  flakes.  The  presence 
of  sulphur  is  not  injurious,  so  long  as  satisfactory  pots 
can  be  cast  from  the  metal. 

Pots  often  crack  in  their  first  heat,  especially  if  too 
hard.  This  does  not  much  matter,  as  a  piece  of  old 
pot  can  be  put  over  the  crack  (inside),  a  daub  of  mud 
being  used  to  bed  it  to  the  side.  The  only  objection  is 
that  the  pot  does  not  heat  so  quickly  on  that  side,  and 
in  running  heats  on  close  time  there  is  a  possibility  of 
some  of  the  castings  not  being  finished.  Pots  last  from 
four  to  24  heats,  but  lose  much  by  oxidation  at  each  heat. 

Burnt  oxidised  pots  are  unsuitable  scrap  for  any 
purpose.  They  may  be  used  for  washing  the  bottom  of 
an  open-hearth  furnace,  being  introduced,  melted,  and 
oxidised  to  fix  the  bed,  or  occasionally  if  it  be  desired  to 
deepen  it  to  increase  its  capacity.  They  may  be  used  in 
the  same  way  to  flux  off  the  surplus  sand,  the  slag 
formed  being  run  off. 

Melting. — This  is  done  (a)  in  pots  or  crucibles,  (b) 
in  air  furnaces,  (c)  in  open-hearth  steel  furnaces,  burning 
producer  gas  and  natural  gas,  (d)  in  oil  furnaces,  (e)  in 
cupola  furnaces. 

Descriptions  of  the  furnaces  and  methods  of  work- 
ing these  will  be  dealt  with  later.  Of  the 

methods,  crucible  melting 
produces  least  alteration 
in  the  composition  of  the 
metal,  and,  of  course,  en- 
ables proper  admixture  of 
the  iron.  It  is,  however, 
most  expensive  in  the 
items  of  crucibles  and  fuel, 
and,  apart  from  the  limit 
to  the  weight  of  the  cast- 
ing, is  the  least  economical. 
Its  advantage  lies  in  being 
able  to  secure  certainty  of 
composition  with  a  mini- 
mum outlay  for  plant. 

The  air  furnaces  used 
are  of  capacities  varying 
no.  209.  from    4  to  20   tons,  and 

CCi 
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use  forced  draught.  The  ashpit  is  closed,  and  a  blast 
pipe  passes  under  the  grate.  Free  burning  coal  of  good 
quality  is  burned  under  a  blast  pressure  of  3  to  6  ozs., 
5in.  to  lOin.  water.  Fig.  207,  page  414,  shows  a 
straight-draught  furnace. 

The  air  furnace  shows  a  large  consumption  of  fuel. 
With  the  fire  drawn  every  day,  the  furnace  should  require 
no  repairs  for  three  days.  After  that  time,  bottom  and 
sides  require  attention,  while  the  brickwork  requires 
rebuilding  in  six  months.  Six  tons  could  be  melted 
and  got  ready  in  3J  hours  after  charging,  with  a  fuel 
consumption  dependent  on  the  weight  melted  per 
day,  the  same  amount  of  fuel  being  required  to  heat 
up  the  furnace  whether  much  or  little  is  melted.  Melting 
9  tons  per  day,  the  consumption  on  the  furnace  was 
0-6lb.  of  fuel  per  pound  of  iron.  Melting  20  tons,  the 
consumption  fell  to  0  •  451bs.  of  fuel.  The  loss  amounted 
to  about  4  per  cent.  The  furnace  operates  with  two  men — 
a  fireman  and  a  melter — with  four  extra  labourers  while 
charging. 

Open-hearth  furnaces  and  oil-melting  furnaces  will  be 
dealt  with  later.  With  the  latter  only  the  air  is  heated. 
Hot  air  is  used  for  spraying  the  oil  in  place  of  steam, 
and  less  change  is  produced  in  the  metal  than  when 
producer  gas  is  used.  The  fuel  cost  is  considerably 
reduced,  but  furnace  charges  are  greater. 

Melting  for  malleable  in  both  coal-fired,  open-hearth, 
gas  and  oil  fired  furnaces  are  practically  the  same.  When 
fully  hot,  the  charge  melts  in  from  about  1J  to  2  hours, 
according  to  weight.  "  Heavy  pieces  are  moved  about  to 
help  them  dissolve.  Machine-cast  pig  is  preferable  to 
sand  cast,  as  it  leaves  no  skeletons  of  sand,  and  produces 
less  slag.  After  melting,  the  metal  is  thoroughly  rabbled 
and  skimmed  clean. 

Tests  of  the  iron  are  made  to  ascertain  if  it  is  in  a  proper 
condition.  A  test  bar  Sin.  long  and  of  a  thickness 
varying  with  the  work  for  which  it  is  required  is  cast. 
These  test  bars  must  represent  the  greatest  thickness  of 
the  work  cast  from  the  heat.  For  general  work,  a  round 
barjlin.  to  IJin.  diam.  is  satisfactory.  This  is  poured 
in  a  sand  mould  with  metal  dipped  from  the  bath  by  a 
small  ladle.  After  pouring,  the  test  as  soon  as  set,  is 
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taken  from  the  sand,  allowed  a  few  moments  in  air,  and 
then  cooled  in  the  water  bosh  by  dipping.  If  cooled  too 
rapidly  the  results  obtained  are  valueless,  as  the  fracture 
shows  nothing.  This  test  bar  is  broken,  and  if  the 
metal  is  ready  ("  high  enough  "),  and  in  a  satisfactory 
condition,  the  fracture  is  entirely  white  without  any 
graphite.  If  graphite  be  present,  the  metal  is  not  ready 
for  tapping,  but  must  be  left  in  the  furnace.  If  too 
much  oxidation  has  taken  place,  or  if  silicon  contents  be 
too  low,  pin  holes  appear  near  the  edge  of  the  fractured 
test.  Too  much  sulphur  induces  this  condition  more 
rapidly.  In  modern  practice  the  addition  of  ferro- 
silicon  has  been  resorted  to  to  correct  this.  In  the  absence 
of  analytical  data  the  melter  may  proceed  by  adding 
50  per  cent,  ferro-silicon  in  0-5  to  lib.  according  to 
weight  of  charge,  and  thoroughly  rabbling.  High  ferro- 
silicon  is  preferable,  because  it  absorbs  less  heat  from 
the  bath  while  introducing  the  necessary  quantity.  Tests 
must  be  made  to  determine  the  condition  of  the  metal. 

A  fluidity  test  is  also  run,  12x1  x  J.  When  ready, 
the  metal  (seen  through  blue  spectacles)  has  a  fine  white 
appearance.  Any  dark  appearance  accompanies  lack 
of  fluidity.  Thorough  stirring  is  necessary  to  secure 
good  admixture,  and  various  expedients  are  resorted  to 
in  order  to  secure  it. 

The  ladles  must  be  hotter  than  is  usual  for  grey 
castings,  and  it  is  well  to  be  able  to  heat  each  hand 
ladle  and  each  larger-distributing  ladle  by  filling  it 
with  metal  and  pouring  back  into  the  furnace.  An 
aperture  and  spout  for  teeming  back  is  sometimes 
provided  near  the  tapping  hole  to  allow  this  to  be  done. 

Hard  metal  for  small  work,  when  ready,  scintillates 
brightly  as  it  flows  from  the  furnace,  not  in  big  jumpers 
like  grey  iron,  but  rising  in  sparks  all  over  the  surface,  as 
the  white  stream  flows  from  the  furnace. 

Cupola  melting  is  adopted  on  grounds  of  economy.  It 
is  used  for  light  work,  and  generally  where  the  highest 
grade  of  work  is  not  necessary.  The  drawback  is  in 
securing  proper  admixture  of  the  charge.  Generally  the 
fluidity  of  cupola  metal  is  greater  than  that  from  the  air 
furnace,  although  it  may  not  be  as  hot.  This  is  due  to 
the  less  loss  in  carbon  and  silicon  that  occurs,  owing  to 
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the  metal  being  melted  in  contact  with  coke.  To  get 
the  metal  hot  enough,  the  coke  consumption  is  high. 
The  fuel  required  varies  from  0  •  2  to  0  331b.  per  pound  of 
iron  melted.  The  coke  must  be  good  and  hard,  and  the 
cupola  should  run  on  the  highest  blast  pressure  possible, 
having  regard  to  its  diameter  and  height.  The  object 
is  to  secure  a  high  local  temperature. 

Melting  iron  low  in  silicon  in  the  cupola  produces  a 
worse  result  than  melting  similar  iron  in  the  air  furnace 
or  in  crucibles.  This  arises  from  the  increase  in  sul- 
phur, which  takes  place  more  readily  when  silicon  is  low. 
Manganese  in  the  iron  corrects  this  to  some  extent,  and 
beside  reducing  the  liability  of  the  silicon  to  be  oxidised 
by  the  air  blast,  it  helps  by  combination  with  the  sul- 
phur to  localise  it  and  thus  reduce  its  hardening  and 
other  effects.  Silico-manganese  may  be  added  to  cupola 
metal  if  an  increase  in  the  sulphur  is  suspected. 

Limestone  and  fluor  spar  in  small  pieces  are  used  as 
flux.  To  reduce  the  mixing  difficulty  the  iron  in  the 
charge  should  be  broken  into  small  pieces,  and  the  lightest 
scrap  be  placed  on  the  top  of  each  charge  to  ensure 
the  heavier  parts  being  completely  melted. 

Cupola  iron  is  less  suited  for  heavier  work.  This  is 
largely  a  question  of  temperature,  which  cannot  be  so 
easily  regulated  to  suit  the  heavier  shapes  and  yet 
secure  fluidity.  Any  attempt  to  reduce  the  temperature 
of  melting  creates  a  risk  of  the  cupola  sticking. 

Light  castings  are  poured  from  hand  ladles  holding 
from  40lbs.  to  50lbs. 

Treatment  of  Hard  Castings. — The  castings  are 
detached  from  the  gates,  and  cleaned.  Those  not  too 
delicate  are  tumbled  in  the  rattler.  Iffproperly  filled, 
very  fragile  castings  can  be  thus  treated. 

Pickling  is  also  done  on  delicate  work.  Dilute  sul- 
phuric acid  is  used,  allowed  to  stand  till  the  sand  is 
loosened,  and  the  castings  washed  in  a  water  bath.  The 
castings  are  then  looked  over,  such  dressing  as  is 
possible  done,  and  bad  ones  rejected.  Much  dressing 
is  obviously  impossible,  owing  to  the  brittle  nature  of  the 
castings,  and  such  work  as  cleaning  out  core-holes,  &c., 
is  often  out  of  the  question  at  this  point. 
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Packing  the  Castings. — Boxes  and  Pots. — Sectional  pots 
are  used,  both  for  convenience  of  packing  and  ease  in 
handling.  Fig.  208,  p.  416,  shows  an  ordinary  pot.  It 
is  oval  in  section.  The  lower  part  is  cast  with  a  bottom 
and  ribs  to  elevate  it  from  the  floor  of  the  annealing 
oven.  Projections  E  F  near  the  bottom  are  for  the 
arms  of  the  charging  carriage  to  lift  by.  The  other 
sections  are  without  bottom,  but  have  a  projecting  flange 
G  by  which  they  rest  on  the  box  below.  The  sides  taper 
from  lin.  to  fin.  thick  to  allow  for  moulding.  Fig.  209, 
p.  417,  shows  another  box.  It  consists  of  a  stool  which 
forms  the  bottom  of  the  box  and  frames,  1  Gin.  x  22in.  x  1 5in., 
which  can  be  built  up  as  before.  The  ends  of  the 
stool  project  beyond  the  bottom  to  enable  it  to  be 
carried  by  the  carriage.  The  exact  size  and  shape  of 
the  box  varies.  A  3-section  box  like  Fig.  208  weighs 
empty  about  7  cwt.,  and  is  intended  to  pack  about 
8  cwt.  of  castings  with  5  cwt.  to  6  cwt.  of  packing 
material. 

Protecting  the  Boxes. — Thick  crusts  of  scale  (oxide  of  iron) 
are  formed  on  the  sides  of  the  pot  at  every  heat,  and  this 
is  removed  by  hammering  when  the  pots  are  emptied. 
Various  methods  are  tried  to  reduce  this  loss.  Thick 
coats  of  lime  wash,  fireclay  wash,  thin  cement,  and  of 
asbestos  wash,  have  been  tried.  The  former  is  the  more 
commonly  used.  It  is  not  an  efficient  protector,  and  the 
pots  scale  heavily  under  it.  In  fact  it  is  doubtful  whether 
the  saving  justifies  the  expense  (material  and  labour)  of 
applying  it.  None  of  the  others  is  more  satisfactory ; 
in  fact,  no  porous  basic  material  is  likely  to  be.  A  good 
coating  of  blacking  is  more  effective.  The  furnace  gases 
are  particularly  active  in  attacking  iron. 

Large  castings  that  it  is  not  intended  to  decarburise, 
and  which  are  of  such  dimensions  and  shape  as  to  make 
packing  difficult,  are  often  simply  bedded  on  a  firm  support 
to  prevent  warping  on  the  bottom  of  a  suitable  muffle  or 
other  annealing  furnace.  They  are  sometimes  built  up 
to  exclude  air  and  furnace  gases  while  being  annealed. 
A  packing  of  iron  borings  round  the  casting  is  sometimes 
introduced.  The  only  difficulty  with  large  work  is  to 
secure  uniformity  of  heating  and  freedom  from  fluctuations 
of  temperature.  If  one  portion,  say,  of  a  large  wheel 
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becomes  heated  much  more  rapidly  and  more  intensely 
than  another,  the  annealing  of  that  part  commences 
before  and  proceeds  more  rapidly  than  those  portions 
heated  in  less  degree.  As  a  result  the  changes  in  the 
iron  do  not  proceed  with  regularity  through  the  mass, 
producing  stresses  or  strains  which,  while  they  may  get 
relieved  by  the  extension  of  the  changes  during  the  con- 
tinuation of  the  annealing,  the  effects  do  not,  under  the 
ordinary  conditions  of  annealing  such  castings,  get 
entirely  eliminated,  and  the  casting  is  more  or  less 
weakened. 

Great  changes  in  thickness  in  different  parts  of  the 
castings  have  similar  weakening  effects.  The  increase 
in  bulk  that  occurs  in  annealing  without  decarburisation 
is  completed  in  the  thinner  sections  earlier  than  the  thicker 
ones,  with  the  result  that  unequal  expansion  and  its 
effects  are  inevitable. 

Materials  for  Packing  Castings. — These  vary  more  or  less 
according  to  the  object  in  view.  The  general  characters 
necessary  are :  ( 1 )  Sufficient  refractoriness  not  to  seriously 
soften  and  clot  in  the  pots,  otherwise  the  cost  of  dumping 
and  cleaning  the  castings  and  preparing  the  packing 
after  use  will  be  increased  ;  (2)  that  very  little  or  no 
shrinkage  shall  occur  as  the  result  of  heating,  or  by  reason 
of  the  chemical  changes  occurring  in  the  pots,  otherwise 
the  castings  will  lack  support  when  hot,  and  become 
distorted.  This  difficulty  is  most  pronounced  in  castings 
packed  flat,  owing  to  weight  and  the  pressure  of  the  con- 
tents of  the  pot  above. 

Where  decarburisation  is  intended,  as  is  commonly 
anticipated  when  speaking  of  malleable  castings,  the 
material  employed  must  be  oxidising,  and  practically 
some  form  of  oxide  of  iron  must  be  used. 

Oxide  of  Iron. — Dense  forms  of  red  hematite  or 
magnetite,  scale  from  mill  and  puddle  rolls,  hammer 
scales,  hammer  slag,  and  scale  from  the  boxes,  are  satis- 
factory. The  presence  of  metallic  iron  in  some  of  them 
is  no  drawback,  though  red  oxide  is  best  for  decarburising. 
The  metal  becomes  oxidised  by  continual  use.  Some  of 
the  materials  used,  hammer  slag  for  example,  contain 
admixed  silicate.  This  gets  gradually  removed  in  the 
dust  taken  out  of  the  packing  while  being  tempered. 
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The  renewal  of  packing  is  seldom  necessary.  Scale  from 
the  pots  is  often  sufficient  to  make  up  the  loss.  The 
removal  of  very  fine  dust  is  a  matter  of  convenience.  In 
puddle  and  hammer  slag  packings  it  is  almost  necessary, 
as  it  usually  contains  a  good  deal  of  the  silica  contents  of 
the  material,  and  is  the  more  fusible  part  of  the  packing. 
In  other  cases  it  is  not  necessary,  although  it  does  tend 
to  make  the  packing  too  close  and  dense  at  the  bottom 
of  the  boxes.  The  best  packing  is  in  granular  form,  like 
small  shot,  so  that  it  can  move  freely  and  fill  in  the  spaces 
between  the  castings. 

Iron  and  steel  borings,  sawdust,  charcoal  powder,  and 
other  carbonaceous  matters*  make  excellent  packing  for 
castings  it  is  desired  to  soften  without  decarburising, 
and  for  black  heart  castings  they  should  be  small  and 
granular,  or  they  will  not  pack  properly.  It  is  immaterial 
whether  they  oxidise  or  not.  Ganister  and  other  inert 
substances  have  been  used  where  decarburisation  was 
not  intended.  They  are  not  extensively  used.  Some 
recent  experiments  have  shown  that  silica  sand 
makes  an  excellent  packing  where  air  is  excluded,  good 
annealed  black  heart  castings  being  obtained. 

Preparation  of  Packing. — Packing  that  has  been  used 
is  raked  over  and  all  lumps  broken  up  by  tumbling  or 
otherwise.  Sometimes,  if  the  castings  are  small,  the 
whole  contents  of  the  pot  are  put  into  the  tumbler  to 
dislodge  the  packing.  In  this  case  it  is  well  broken  up. 
In  other  cases  iron  bars  are  put  into  the  tumbler  with 
the  packing  to  assist  in  disintegrating  it.  A  sprinkling 
of  a  weak  solution  of  sal  ammoniac  is  given  and  the  packing 
left  exposed.  This  tends  to  complete  the  oxidation  of 
the  ironf  by  rusting,  and  prevents  clotting  in  the  pots, 
but  it  is  doubtful  whether  its  use  in  the  presence 
of  much  free  iron  in  the  packing  does  not  increase  the 
tendency  of  the  contents  of  the  box  to  settle  and  to  pro- 
duce warped  castings.  The  rust  produced  contracts 
during  the  heating. 

When  red  hematite  is  used  in  ore  annealing  new  ore 
is  too  active,  and  is  not  used  alone.  It  is  usual  to  mix  new 
ore  with  several  times  its  weight  of  old  ore.  The  new 

*  Obviously,  light  fragile  castings  must  not  be  so  packed  if  the  temperature 
is  high.     A  cover  of  iron  borings  may  be  applied. 

t  Ferric  oxide  is  quite  refractory  at  the  temperature  of  annealing. 
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ore  is  ferric  oxide  Fe2  03.  During  the  decarburising 
annealing  carbon  monoxide  gas  CO  is  formed,  and  this 
reduces  it  to  Fe3  04,  and  partly  to  metallic  iron.  The 
action  of  the  sal  ammoniac  solution  is  to  assist  in  reoxidis- 
ing  such  reduced  iron. 

Quicklime  is  sometimes  sprinkled  over  the  packing  to 
prevent  it  clotting.  Whiting  is  equally  good.  Whether 
it  serves  its  purpose  depends  on  the  composition  of  the 
packing.  When  much  silica  is  present  it  will  not  be 
effective,  but  rather  the  reverse. 

Packing  the  Pots. — The  principal  considerations  to 
be  borne  in  mind  are  :  (1)  To  get  as  great  a  weight  of 
castings  in  the  pots  as  possible  ;  (2)  to  arrange  them  so 
that  the  least  amount  of  warping  shall  occur.  Thin 
light  castings,  not  too  large  to  extend  across  the  box, 
should  be  reserved  for  the  tops  of  the  boxes,  and  boxes 
containing  light  castings  should  be  reserved  for  the 
cooler  parts  of  the  furnace.  Flat  castings  are  best 
packed  edgewise,  and  long  thin  castings  with  the  long 
axis  vertical.  Much  careful  judgment  must  be  exercised 
in  packing  to  secure  the  best  results.  If  castings  of  un- 
equal weights  and  thicknesses  are  mixed,  the  thicker 
castings  should  be  placed  on  the  outside  and  the  thinner 
ones  between  them.  The  spaces  allowed  should  not  be 
wasteful,  but  should  be  large  enough  to  allow  the  packing 
to  be  properly  settled  by  jarring  the  boxes.  No  loose 
packing  must  occur  at  any  part,  and  by  constantly  jump- 
ing the  boxes,  if  facilities  are  provided,  and  battering  the 
sides  as  the  rilling  proceeds,  the  contents  of  the  box  are 
firmly  settled  in  place. 

Packing   proceeds   section   by  section,    the   sections 
being  lowered  over  the  ends  of  any  castings  projecting. 
The  packing  of  the  top  sections  is  likely  to  be  less  com- 
pact than  the  lower  ones. 

In  selecting  sections  of  boxes  some  kind  of  rotation  of 
parts  should  be  observed.  The  tops  suffer  most  by 
scaling,  and  if  some  care  be  exercised  these  can  be  used 
for  lower  sections  as  they  become  thinner  and  thus 
equalise  the  wear.  After  packing,  the  joints  are  plastered 
over  with  fireclay  cement  to  exclude  the  oven  gases. 

Charging  is  best  done  by  means  of  a  charging  carriage 
so  constructed  that  the  two  prongs  of  a  fork  pass  under- 
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neath^the  projecting  ends  of  the  stool,    or   of    the  lugs 
E  F  on  the  lower  section,  Fig.  208,  p.  416. 

By  means  of  a  lever  the  fork  is  raised^sufficientjx) 
clear  the  ground,  and  the  box  is  carried  forward  and  run 
into  the  oven,  where  it  is  let  down  in  its  place,  and  the 
fork  and  carriage  withdrawn.  In  small  plants  the  boxes 
are  mounted  for  packing  on  a  very  low  truck,  the  top  of 
which  is  at  the  level  with  the  bottom  of  the  annealing 
oven,  on  which  rails  sometimes  rest.  The  truck,  which 
has  a  groove  down  the  middle,  is  run  up  to  the  front  of 
the  oven,  and  the  pot  pushed  forward  by  levers  or  run 
into  the  oven  on  rollers. 

Packing  Directly  in  Furnace. — Attempts  to  dispense 
with  the  use  of  boxes  and  pack  on  the  furnace  bed  have 
not  been  successful  for  small  work.  The  labour  costs  for 
packing  are  about  the  same,  while  the  greater  capacity  of 
the  oven  practically  compensates  for  the  greater  consump- 
tion of  fuel  owing  to  the  longer  time  occupied.  This 
amounts  to  about  40  per  cent,  longer  than  when  pots  are 
used.  But  as  a  set-off  against  the  saving  of  pots,  the 
increased  labour  of  unpacking,  the  extended  time,  and 
the  necessarily  greater  proportion  of  warped  castings  must 
be  charged.  When  this  is  done,  the  balance  is  decidedly 
in  favour  of  using  pots  for  small  and  medium  castings. 

Annealing. — During  annealing  the  temperature  is  main- 
tained at  a  bright  cherry-red  heat,  depending  on  the 
composition  of  the  metal.  Low  sulphur  irons  containing 
from  0  •  75  to  1-0  silicon  can  be  annealed  as  "black  heart " 
castings  at  temperatures  ranging  from  740°  to  760°,  but 
with  lower  silicon  and  higher  sulphur  higher  temperatures 
are  maintained,  reaching  in  some  cases  920°  C. 

Below  is  given  a  resume  of  some  experiments  by 
Charpy  and  Grenet.  They  experimented  on  iron  of 
varying  composition  heated  to  different  temperatures  for 
different  periods.  All  the  irons  used  were  low  in  sulphur 
and  phosphorus,  and  the  principal  variant  was  silicon. 
COMPOSITION  OF  IRON. 
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The  samples  for  treatment  were  obtained  by  pouring 
the  metal  into  cold  water  to  chill  it,  and  with  the  excep- 
tion of  No.  5  were  free  from  graphite.  The  latter  con- 
tained 0-2  per  cent.  Various  experiments  were  made, 
and  by  quenching  the  metal  at  the  desired  temperature 
its  condition  at  that  temperature  after  the  treatment  it 
had  received  could  be  determined.  This  fact  must  be 
borne  in  mind  in  considering  the  results  obtained. 
Summarising  the  results,  it  is  evident,  as  stated  above, 
that  the  separation  of  temper  graphite  is  largely  affected 
by  the  silicon. 

No.  1. — No  graphite  separates  at  or  below  1,100°  C. 
The  separation  commences  at  1,150°  C. 

No.  2. — Separation  of  graphite  commences  at  1,100° 
C.  Experiments  at  700°,  800°,  900°,  and  1,000°  gave 
negative  results. 

No.  3. — The  separation  commences  at  800°  C. 

Nos.  4  and  5. — Graphite  was  produced  at  650°  C. 

In  the  latter  case  85  per  cent,  of  the  carbon  changed 
to  temper  graphite  by  heating  for  six  hours  at  650°. 
They  also  state  that  the  rate  of  change  is  slower  at  lower 
temperatures,  and  with  less  silicon. 

A  further  interesting  result  obtained  showed  that  once 
the  separation  of  the  graphite  has  been  started  it  can 
continue  at  lower  temperatures  than  are  required  for 
its  commencement. 

Thus  No.  1  was  heated  to  1,170°  C.  and  quenched. 
It  contained  after  this  treatment  0  •  5  per  cent,  graphite 
and  2-6  per  cent,  combined  carbon.  Another  sample 
after  heating  to  1,170°  was  cooled  slowly  to  700°,  and  then 
quenched.  It  contained  1  •  87  per  cent,  graphite,  while 
No.  3  similarly  treated  contained  1  42  per  cent,  graphite 
and  2  •  56  per  cent,  graphite  respectively. 

It  is  worthy  of  note  that  most  cast  irons  show  a  break 
in  the  cooling  curve  at  about  700°  C.,  corresponding  to 
that  of  steel.  They  also  show  breaks  at  higher  tempera- 
tures, dependent  on  the  composition  of  the  metal.  For 
the  irons  in  the  table  the  break  on  a  rising  temperature 
occurred  at  1,140°,  1,165°,  1,137°,  1,165°,  and  1,105° 
respectively,  and  on  a  falling  temperature  at  1,120°, 
1,145°,  1,130°,  1,137°,  and  1,145°  C. 
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The  oven  should  be  uniformly  heated.  Ovens  fired 
at  one  end  frequently  show  a  difference  of  50°  between  the 
front  and  back  of  the  oven.  Observations  should  be 
made  through  the  sight  holes  in  the  door,  and  a  pyrometer 
employed  to  determine  the  temperature. 

It  is  important  that  combustion,  whether  of  coal,  oil, 
or  gas,  should  not  be  completed  in  the  fire  hole,  and  by 
properly  regulating  the  chimney  draught  and  air  supply 
the  whole  chamber  may  be  full  of  flame,  combustion 
occurring  in  the  spaces  round  the  pots. 

If  excess  of  air  be  admitted  to  the  fire,  the  part  of  the 
oven  near  the  fire  becomes  excessively  heated,  and  other 
parts  correspondingly  cooler.  Overheating  on  normal 
iron  means  burning  the  castings. 

All  openings  into  the  chamber  are  kept  stopped. 

With  an  ordinary  coal-fired  oven  the  full  heat  is 
attained  in  from  36  to  48  hours.  On  starting,  a  dense 
smoky  flame  persists  for  some  six  to  eight  hours.  This 
gradually  lightens,  and  in  about  12  to  15  hours  most  of 
the  smoke  has  gone,  and  the  chamber  is  showing  signs 
of  redness.  In  24  to  28  hours  the  oven  is  red  hot,  and 
in  36  to  48  hours  the  full  heat  is  obtained  and  kept  up  for 
3J  to  5  days.  The  longer  time  is  only  necessary  with 
inferior  iron.  Very  thin  castings  will  anneal  in  about 
24  hours,  and  a  similar  time  is  sufficient  for  castings  that 
are  only  being  softened  for  turning  purposes.  On 
black  heart  castings  the  oven  is  allowed  to  cool  for  24 
hours,  after  which  the  loose  bricks  between  the  doors  of 
the  oven  are  pulled  down,  and  in  12  hours  the  doors 
closing  the  front  are  lifted  off.  (See  Fig.  214,  p.  432.) 

Dumping  the  Castings. — After  removal  the  fireclay  luting 
is  broken  off  and  the  pots  thrown  over  with  a  bar,  well 
hammered,  and  the  sections  removed. 

The  castings  are  picked  out,  using  a  hammer  to  knock 
away  the  scale,  which  is  then  dealt  with  as  described 
above.  In  picking  out,  it  is  advisable  to  get  rid  of  as 
much  of  the  packing  as  possible.  The  freshly  dumped 
castings  have  a  rich  blue  colour  which  is  lost  in  the 
tumbling. 

Tumbling  Soft  Castings. — The  castings  are  put  into 
the  rattlers,  which  are  moderately  filled,  and  broken 
soft  castings  are  mixed  with  them  with  a  view  to  effect 


428  MALLEABLE   CASTINGS. 

the  more  ready  removal  of  the  packing.  If  very  delicate, 
wood  in  small  blocks  is  put  in  to  prevent  damage  ;  it 
also  assists  in  producing  a  satisfactory  surface.  With 
work  intended  for  ornamental  purposes,  and  such  as  is 
afterwards  plated  (hardware,  such  as  buckles,  carriage 
door  handles,  &c.),  a  wet  tumbling  in  tumblers 
through  which  water  is  passing  succeeds  the  rough 
tumbling.  A  better  surface  is  thus  secured,  and  a  final 
dry  tumbling  with  small  wood  blocks  and  pieces  of  leather 
for  polishing  follows.  A  good  surface  for  plating  is  thus 
obtained. 

Finishing. — Close  *  dressing  of  the  hard  castings  is 
impossible,  arid  is  restricted  to  the  removal  of  gates  and 
the  more  easily  detachable  projections.  Cleaning  out 
core  holes  and  the  chipping  of  fins  is  often  impossible. 
After  annealing  this  is  proceeded  with.  Portions  of 
runners  and  gates  not  removed  are  ground  off  by  emery 
wheels.  As  much  malleable  work  is  light,  the  importance 
of  using  runners  of  such  shape  as  to  be  readily  detached 
is  apparent.  Large  lumps  are  removed  by  shaper  or  are 
sawn  off.  Fins  and  all  projections  are  ground  or  chipped 
off.  Core  holes  are  cleaned  by  drifts  or  otherwise.  It 
is  probable  that  many  holes  now  made  by  cores  can  be 
more  economically  drilled  out  of  the  solid  by  high-speed 
drills.  This  is  only  applicable  to  holes  of  some  length. 

The  castings  are  sorted,  examined,  and,  if  necessary, 
gauged  and  ground  down  to  dimensions  if  required. 

Distorted  Castings. — These  are  straightened  by  ham- 
mering. This  is  best  done  cold  or  when  only  moderately 
heated.  If  strongly  heated  the  resistance  to  shock  is  con- 
siderably reduced.  Complicated  shapes  are  straightened 
on  forms  made  of  grey  iron,  and  much  thin  work  having 
a  regular  curvature  is  cast  flat  and  bent  up  after  annealing, 
if  required,  in  large  quantities. 

Test  Plugs. — It  is  usual,  on  large  black  heart  castings,  to 
cast  test  plugs  lin.  by  Jin.  by  fin.  These  are  removed  after 
annealing,  and  for  satisfactory  anneal  should  show  a  thin 
outer  band  of  a  white  colour,  say  J^ in.  to  ^in.  thick, 
merging  into  a  somewhat  thicker  grey  band,  say  TVn- 
thick,  passing  into  a  velvety  black  central  portion. 
Castings  only  black  in  the  centre  are  over-annealed  and 
weak. 
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Test  Pieces. — It  is  usual  to  cast  test  pieces  4in.  long, 
Jin.  square  tapering  to  Jin.  thick  and  pass  them  through 
the  pots  with  the  castings.  These  are  broken  after 
annealing,  and  thus  a  record  of  the  behaviour  of 
different  mixtures  is  obtained. 


ANNEALING  FURNACES. 

FURNACES  for  heating  the  pots  containing  the  hard 
castings  are  heated  by  coal  fires  by  natural,  producer,  and 
Mondgas,  and  by  oil.  In  this  country  coal-fired  furnaces  are 
most  commonly  used,  but  gas-fired  furnaces  are  coming 


FIG.  210.— SIMPLE  TYPE  OF  ANNEALING  FURNACE. 

into  use.  The  difficulty  of  obtaining  cheap  oil  has 
limited  the  number  of  furnaces  using  it  as  fuel.  In  the 
States,  where  suitable  oil  is  available,  its  use  is  common. 
The  simplest  type  of  furnace  is  shown  in  Fig.  210. 
Fires  are  arranged  on  each  side  of  the  chamber,  and  the 
products  of  combustion  escape  by  the  flue  in  the  top. 
Such  furnaces  are  not  easy  to  regulate,  and  uneven 
results  are  common.  Some  of  the  disfavour  with  which 
malleable  castings  are  looked  upon  by  many  is  no  doubt 
due  to  the  irregular  results  arising  from  bad  furnace 
management.  Uncertain  and  fluctuating  temperatures 
are  certain  means  to  the  production  of  uncertain  and 
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varying  results,  and    while    one    batch  of  castings  may 
be  excellent  others  may  be  correspondingly  bad. 

Fig.  211  shows  a  coal-fired  furnace  heated  only  from 
one  side  and  provided  with  flues  under  the  oven  by 
which  the  fire  gases  pass  toward  the  chimney.  The 
fireplace  A  occupies  one  corner  of  the  arched  chamber 
of  which  the  oven  consists,  the  dimensions  varying 
according  to  requirements.  (The  ironwork  support- 
ing the  oven  is  not  indicated.)  It  is  fired  at  B.  C  is 


CD     CD     CHI     C±l     CD 


FIG.  211.  FJG.  212. 

COAL-FIRED  ANNEALING  FURNACE. 

the  ashpit,  and  D  is  the  fire  bridge.  Openings  E  are 
provided  for  the  admission  of  air  above  the  fire,  which 
must  be  a  deep  one.  Openings  F  are  also  sometimes  pro- 
vided at  the  opposite  side.  Imperfect  combustion  occurs 
in  the  fire,  and  is  partially  completed  in  the  oven.  With 
iron  pots  it  is  impossible  to  secure  complete  combustion 
without  unduly  burning  the  pots.  The  products  of 
combustion  are  drawn  down  through  the  openings  G 
into  the  flues  H.  It  will  be  seen  that  the  flues  on  each 
side  of  the  centre  line  form  different  systems,  and  gather 
into  a  common  flue  I  beyond  the  chamber.  The  diffi- 
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culties  in  working  the  oven  are  in  securing  proper  distri- 
bution of  heat,  and  in  the  proper  regulation  of  the  air 
supply  at  different  points.  Obviously  the  probability  of 
one  end  being  hotter  than  the  other  is  very  great,  and 
where  such  furnaces  are  used  the  heavier  work  is  placed 
at  the  fire  end. 

The  Flues  may  be  arched  in  the  ordinary  way,  but 
with  a  tile  bottom  they  may  be  more  economically 
built,  as  shown  in  Fig.  212,  2 Jin.  bricks  and  5in.  tiles  being 
used.  More  care  is  necessary  with  foundations  owing 


FKJ.  213.— COAL-FIRED  ANNEALING  FIKNACE. 

to  the  hot  gases  circulating  under  the  oven.     The  method 
of  closing  the  front  of  the  chamber  is  described  below. 

Instead  of  carrying  flues  under  the  oven  some  have 
flues  at  each  corner  which  open  into  the  chamber  at  the 
bottom,  and  pass  vertically  up"[the  sides.  Each  flue 
has  a  short  chimney  provided  with  a  damper,  by  which 
the  distribution  of  heat  can  be  regulated. 

In  some  cases  space  is  economised  by  building  the 
ovens  side  by  side,  and  using  a  single  fire  for  heating  two 
ovens.  The  fireplace  is  a  separate  arched  chamber 
between  the  ovens  leading  into  a  flue  which  extends  the 
length  of  the  ovens  and  communicating  with  the  annealing 
chambers  by  openings  just  under  the  arch.  The  pro- 
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ducts  of  combustion  pass  into  flues  under  the  oven  much 
as  in  Fig.  213. 

Another  type  of  coal-fired  furnace  is  shown  in  Figs.  213 
and  214  (in  Fig.  213  the  ironwork  is  omitted).  The  chamber 
L  is  21ft.  Gin.  long  and  9ft.  Sin.  wide,  and  takes  three 
rows  of  pots,  each  having  a  greatest  width  of  2ft.  9in. 
over  all.  The  oven  consists  of  an  outer  containing 
wall  A  having  a  4Jin.  cavity  B,  which  extends  to  the 
arch,  as  seen  in  Fig.  214.  The  fireplaces  C  on  each  side 
communicate  over  the  bridge  D  with  the  chamber  M, 
from  which  the  products  of  combustion  pass  into  the  oven 
through  the  openings  showTn,  and  are  drawn  down  through 


FIG.  214.— COAL-VIRED  ANNEALING  FURNACE. 

F  into  the  flues  G  which  gather  at  H.  It  will  be  noticed 
that  a  channel  down  the  middle  of  the  oven,  into  which 
the  flues  open,  allows  the  gases  to  readily  reach  the 
flues.  This  is  also  aided,  and  the  distribution  assisted, 
by  either  providing  the  boxes  in  which  the  castings 
are  packed  with  feet  or  by  running  the  ribs 
under  the  stool  or  at  the  bottom  of  the  pot 
lengthwise  instead  of  across  as  shown  in  Fig.  208.  The 
ends  of  the  chamber  L  are  closed  by  doors  consisting  of 
iron  frames  fitted  with  brick  blocks.  They  are  hung  on 
gudgeons  fastened  to  the  ironwork,  but  can  be  lifted  clear 
away  if  need  be.  Each  has  two  openings  0  for  purposes 
of  inspection,  which  are  stopped  when  the  furnace  is  in 
operation.  The  doors  do  not  meet  in  the  middle,  but 
leave  a  space  of  4Jin.  from  top  to  bottom.  This  does 
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away  with  all  difficulties  of  fitting,  and  is  bricked  up 
and  luted  when  the  doors  are  closed.  After  cooling 
down,  the  removal  of  the  bricks  is  easy,  and  facilitates 
the  opening  of  the  oven.  The  removal  of  the  bricks  can 
be  made  12  hours  after  firing  stops,  and  the  doors  taken 
off  12  to  24  hours  afterwards.  Similar  but  smaller  doors  K 
are  fitted  to  the  ends  of  the  chambers  M,  which  are  also 
utilised  either  in  the  ordinary  way  or  as  auxiliary  ovens 
into  which  pots  containing  special  work,  or  work  required 
at  short  notice,  can  be  placed.  For  the  latter  purpose 
they  are  very  convenient,  as  the  introduction  of  the  pots 
does  not  interfere  with  the  regular  working  of  the  oven, 
and  saves  much  time.  The  fire  doors  N  are  of  the 


FIG.  215. -SIMPLE  TYPE  OF  GAS-FIRHD  OVEX. 

usual  type.  Openings  for  admitting  air  are  provided 
either  in  the  end  doors  K,  through  the  roof,  or  through 
the  wall  A. 

Gas-fired  ovens  are  coming  into  vogue.  A  simple 
type  of  oven  is  shown  in  Fig.  215.  The  gas  is  admitted  to 
combustion  chambers  A  at  the  back  of  the  oven.  A 
small  side  door  allows  a  fire  bucket  to  be  put  in,  or  a  small 
fireplace  may  be  provided.  This  obviates  risk  of 
explosion  when  lighting,  and  before  the  chamber  is 
heated.  The  burning  gases  pass  into  the  flue  B  extending 
across  the  back  of  the  oven  and  by  the  openings  C  hi  the 
back  wall  gain  access  tojjhe  chamber.  Such  ovens  have 
doors  at  one  end  only. 

In  some  gas-fired  ovens  the  gas  under  pressure  is  fed 
directly  into  the  oven  through  mixers  situated  at  the 
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corners  of  the  chambers.  These  mixers  act  on  the  injector 
principle.  Air  is  drawn  through  the  openings  B  (Fig.  216), 
which  are  provided  with  regulating  cover  plates.  The 
mixture  discharges  into  the  chamber  C  which  is  situated 
inside  the  oven.  The  difficulty  attending  their  use  is 
the  localisation  of  heat  in  the  vicinity  of  the  mixer.  It 
is  possible  to  heat  the  oven  more  rapidly,  but  after 
heating  a  more  uniform  temperature  can  be  secured  by 
flue  distribution. 

In  ovens  using  ordinary  producer  gas,  combustion 
chambers  are  arranged  at  the  side,  Fig.  217.  Gas  from 
the  culvert  C  is  admitted  to  the  chamber  D,  the  supply 
being  regulated  by  the  damper  E.  Air  is  admitted  at 
A  A.  The  arrangement  is  made  to  ensure  rapid  mixture 
of  the  gas  and  air. 


FIG.  216. 


Gas-fired  muffles  of  the  Clinch-Jones  type  are 
specially  suitable  for  the  treatment  of  large  bedded 
work,  especially  in  making  large  blackheart  castings. 
The  gas  passes  through  the  muffle  before  mixing 
with  air.  On  passing  to  the  flues  and  space  surrounding 
the  muffle,  air  is  mixed  with  it,  and  combustion  occurs. 

Oil-fired  Furnaces. — In  furnaces  using  oil,  the  burners 
are  placed  at  each  of  two  corners  of  the  oven.  These 
may  be  on  the  same  or  opposite  sides.  The  oil  is  atomised 
in  special  sprayers  by  air  under  pressure,  the  general 
arrangement  of  which  is  shown  in  Fig.  218.  Oil  supplied 
by  A  circulates  under  the  combustion  chamber  to  warm  it 
and  make  it  thinner.  It  then  passes  to  the  burner  B,  and 
is  injected  and  burnt  by  air  supplied  under  pressure  through 
C.  D  is  a  renewable  block  against  which  the  oil  and  air 
impinge.  This  protects  the  back  wall  of  the  chamber. 
Behind  it,  and  for  the  purpose  of  keeping  it  cool,  air  is 
admitted  to  complete  the  combustion.  Air  is  also 
admitted  to  the  chamber  round  the  burner,  and  in  some 
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furnaces  by  flues  in  the  side  walls.  The  flues  thus  formed 
open  at  the  top  into  the  upper  combustion  space,  and  to  the 
outer  air  at  the  bottom.  The  regulation  of  the  air  supply 
is  made  by  moderating  the  size  of  the  outer  opening. 
One  of  the  difficulties  of  oil  burning  is  the  formation 
of  extremely  hard  graphitic  coke,  the  removal  of  which 
frequently  results  hi  injury  to  the  combustion  chamber. 
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FIG.  217.—  PRODUCER  GAS  FIRED  OVEN. 


The  use  of  warm  air  for  atomising  is  satisfactory  so  long 
as  the  amount  used  is  insufficient  to  completely  burn  the 
oil,  and  thus  localise  the  heat  in  the  vicinity  of  the 
burners.  The  warm  air  keeps  the  oil  thin.  High- 
pressure  dry  steam  may  be  used,  but  is  less  satisfactory. 

Some  attention  should  be  called  to  the  effect  of  heat 
localisation.  In  order  to  anneal  the  work  in  the  cooler 
and  more  remote  parts,  a  longer  time  is  required  to  raise 
those  parts  to  the  desired  temperature.  Apart  from  the 
greater  fuel  consumption  entailed,  the  work  in  the  hotter 
parts  is  liable  to  be  burned. 
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In  large  modern  works  devoting  their  principal 
attention  to  malleable  and  black  heart  castings,  the 
furnaces  have  been  built  below  ground.  The  whole 
of  the  top  is  removable,  and  for  this  purpose  is  con- 
structed in  sections.  Each  portion  consists  of  a  section 
of  the  arch  built  inside  an  iron  frame.  The  curvature 
is  much  greater  than  the  ordinary  roof,  being  almost 
semi-cylindrical.  Wood  centres  are  used  in  building 
the  arch,  and  the  lifting  frame  is  then  attached.^  Such 
furnaces  may  be  20ft.  by  10ft.  by  8ft.,  and  are  charged 
by  lowering  the  pots  from  a  crane.  The  products  of 
combustion  pass  into  flues  in  the  bottom. 


FIG.  218.— OIL-FIRED  FURNACE. 

One  roof  may  serve  two  furnaces,  being  removed  from 
one  in  which  the  annealing  is  complete  to  another  in 
which  firing  is  commencing. 

For  lifting  the  pots  a  sling  is  used.  It  consists 
practically  of  two  steel  loops  (flat  at  the  bottom  and 
wider  than  the  pot)  depending  from  the  ends  of  a  cross- 
bar slung  from  the  crane  in  the  centre.  By  making  the 
distance  between  the  loops  somewhat  less  than  the 
length^of  the  pots,  they  can  when  lowered  slip  under  the 
lifting!  flanges,  and  thus  permit  hoisting  without  slip. 
For  safety  a  clip  may  be  dropped  to  prevent  spreading. 

Firing. — The  temperature  must  be  steadily  main- 
tained during  the  heat.  Great  fluctuations  are  fatal  to 
obtaining  the  best  results.  Coal  fires  especially  require 
careful  management.  A  point  to  be  watched  is  that 
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the  fires  are  kept  clean.  Clinker,  by  reducing  the 
combustion  taking  place,  may  lead  to  cooling  of  the 
ovens.  Good  coal  must  therefore  be  used.  It  should 
be  long  flaming  and  low  in  ash.  In  no  furnace  is  it 
advantageous  to  obtain  complete  combustion  in  the 
firing  hole.  It  should  be  taking  place  throughout  the 
annealing  space. 

The  actual  treatment  can  be  carried  out  in  a  much 
shorter  time  than  is  generally  occupied,  but  the  heating 
and  cooling  of  masses  of  brickwork,  more  especially  of  a 
complicated  character,  necessitate  slow  heating  and 
cooling.  Rapid  heating  also  results  in  bad  heat  distri- 
bution and  irregular  heating  of  the  chamber,  with  its 
attendant  troubles. 

Fuel  Consumption. — This  varies  so  greatly  with 
different  classes  of  work  that  no  very  good  idea  can  be 
given.  It  may,  however,  be  considered  that  to  anneal 
two  parts  of  iron  with  one  of  coal  is  a  satisfactory  result, 
but  the  size  of  the  castings,  the  period  of  annealing,  and 
capacity  of  furnace  all  affect  the  consumption. 


CHAPTER   XVI. 

MELTING  IRON  FOE,  FOUNDRY  PURPOSES. 

IN  dealing  with  the  appliances  used  for  melting  purposes, 
the  questions  to  be  considered  are  :  (1)  Control  of  melting 
conditions  to  secure  metal  of  desired  quality,  properly 
mixed,  at  a  proper  pouring  temperature  ;  (2)  economy 
in  fuel  consumption  ;  (3)  rapidity  of  melting  ;  (4)  where 
the  work  to  be  cast  is  all  similar — uniformity  of  com- 
position. 

The  Foundry  Cupola. — Although  air,  regenerative, 
and  other  furnaces  have  been  introduced  to  a  considerable 
extent  for  melting  iron  for  special  purposes,  the  cupola 
is  everywhere  used  for  melting  iron  for  the  foundry. 
Despite  its  many  known  drawbacks,  the  rapidity  with 
which  it  can  be  lighted  and  heated  up  to  melting  point,  the 
readiness  with  which  it  can  be  repaired,  together  with 
its  low  charges  for  maintenance,  and  the  ease  with  which 
fair  commercial  results  can  be  obtained,  have  con- 
tributed to  maintain  it  in  the  position  it  still  occupies 
as  the  most  important  means  in  use  for  melting  iron. 

Fig.  219  shows  the  form  of  an  ordinary  foundry  cupola. 
It  is  a  blast  furnace,  air  being  supplied  by  blower  or 
fan,  and  consists  of  a  boiler  plate  shell  A,  single  riveted, 
resting  on  a  cast-iron  baseplate  B  which  is  supported 
by  a  brick  platform  C  of  convenient  height  for  filling 
the  ladles.  The  shell  is  lined  by  a  single  course  of  fire- 
bricks D  set  as  headers,  which  may  be  shaped  to  the 
circular  form  of  the  cupola.  The  lining  often  stops  at  or 
a  little  way  above  the  charging  door,  and  in  large  cupolas 
may  be  of  two  courses  of  bricks.  The  iron  plate  forming 
the  base  is  covered  with  refractory  sand  or  ganister 
carefully  beaten  down  and  shaped  so  as  to  slope  toward 
the  tap  hole,  in  front  of  which  is  a  launder  for  conveying 
the  metal  to  the  ladle.  The  spout  usually  comes  through 
the  wall  into  the  moulding  shop.  Opposite  the  tap  hole  is 
an  arched  opening  E — the  breast — which  is  covered  by  the 
plate  Fheld  in  place  as  shown.  Through  this  opening  the  fire 
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is  lighted  and  the  residues  from  the  cupola  raked  out 
when  work  ceases.  It  is  closed  when  the  blast  is  put 
on.  Above  the  breast  opening  is  the  slag  hole,  somewhat 
below  the  level  of  the  tuyere  openings.  The  blast  is 
conveyed  to  the  cupola  by  the  tuyeres  G,  each  of  which 
has  a  swivelling  head  resting  on  the  supply  pipe  H. 


FIG.  219. — ORDINARY  ARRANGEMENT  OF  FOUNDRY  CUPOLA. 

This  enables  it  to  be  turned  away  from  the  stack. 
Usually  there  are  two  or  three  tuyeres  at  the  same  height. 
A  hole  in  the  elbow  allows  a  rod  to  be  inserted  to  keep  it 
clear.  They  are  supplied  from  the  main  blast  pipe  I, 
usually  placed  below  ground,  but  sometimes  just  below 
the  charging  platform.  The  charging  hole  K  is 
situated  a  little  above  the  level  of  the  platform  L,  from 
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FIG.  221.— STEWART  RAPID  CUPOLA. 
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importance  is  seen  when  it  is  remembered  that  carbon 
burning  to  COX  produces  8,080  calories,  or  14,544  British 
Thermal  Units,  and  carbon  burning  to  CO  produces  2,473 
calories,  or  4, 45 1  British  Thermal  Units .  Carbon  monoxide 
is  combustible,  and  if  a  sufficient  amount  of  air  be  provided 
will  burn  to  C(X.  Flame  at  the  mouth  of  the  cupola 
consequently  represents  a  waste  of  heat.  It  cannot  be 
entirely  avoided. 

The  heat  generated  by  a  pound  of  carbon  should  be 
capable  of  melting  about  401bs.  of  iron  if  the  combustion 


FIG.  222. — ALLDAYS  &  ONION'S  CUPOLA. 

were  complete,  and  the  absorption  perfect.  At  very 
high  temperatures  the  production  of  CO  is  direct,  and  its 
conversion  into  CO.,  by  air  takes  place  afterwards. 

The  intention  of  supplying  air  through  more  than  one 
row  of  tuyeres,  or  at  different  levels,  is  to  effect  the 
conversion  of  the  CO  produced  at  the  lower  levels  to  C02. 
When  tuyeres  are  close  together  this  may  occur  to  some 
extent,  but  it  is  doubtful  whether  the  increase  in  melting 
rate  is  due  to  this  cause  or  to  the  increase  in  the  height  of 
the  combustion  belt,  and  the  more  rapid  and  uniform  com- 
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bustion  resulting  from  the  splitting  up  of  the  air  supply. 
With  tuyeres  widely  removed  the  only  effect  is  to  start 
another  zone  of  combustion,  for  if  the  temperature  be 
high  enough  to  ignite  the  CO  it  is  certain  that  heating 
and  burning  of  the  coke  in  front  of  the  tuyere  takes  place. 


FIG.  223.— HERBERT/,  CUPOLA. 

It  must  be  remembered  that  the  heat  produced  is 
first  communicated  to  the  gaseous  products  of  burning. 
These  in  contact  with  solid  substances  may  give  up  Ijeat 
till  the  solid  is  raised  to  the  highest  temperature  of  com- 
bustion. When  the  furnace  is  working  at  its  best  this 
will  be  the  temperature  at  which  the  gases  are  formed, 
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and  they  will  leave  the  combustion  zone  at  the  melting 
temperature  of  the  furnace.  Any  heating  that  may 
occur  must  be  effected  by  the  gases  coming  into  contact 
with  the  material  filling  the  furnace  to  which  they  impart 
the  heat.  This  consists  of  the  continually  descending 
charge,  which  by  the  addition  of  fresh  material  at  the 
top  maintains  a  fairly  constant  level.  The  contents  of 
the  furnace  thus  become  gradually  heated,  as  they  pass 
down,  the  iron  arriving  at  the  fusion  zone  heated  to 
nearly  the  melting  point.  The  coke  is  similarly  heated, 
but  combustion  can  only  occur  when  air  is  available  in 
front  of  the  tuyeres.  If  air  be  available  at  any  height 
where  the  coke  has  or  may  become  heated,  and  the 
blast  is  sufficient,  as  it  must  be  to  penetrate  the  charge, 
it  is  clear  that  the  coke  itself  must  be  burnt  as  the  force  of 
the  blast  will  effectively  blow  away  the  combustible 
carbon-monoxide  gas  that  might  be  expected  to  envelop 
and  protect  the  coke  from  burning.  This  would  mean 
the  setting  up  of  a  combustion  area  at  a  point  where  the 
height  of  the  column  and  its  heat-absorbing  power  is 
reduced,  with  consequent  loss.  If  no  combustion  be 
possible,  the  gases  it  is  designed  to  burn  would  be  below 
their  ignition  point,  and  the  air  blown  in  would  cool 
the  general  body  of  gases  and  the  upper  layers  of  material 
would  not  be  heated  so  strongly.  For  this  reason  cupolas 
like  Fig.  224  do  not  give  the  satisfaction  sought,  and  while 
they  may  do  good  work  it  is  not  better  than  can  be  ob- 
tained by  ordinary  means.  Experience  with  two  of 
these  furnaces  has  shown  that  the  suppression  of  the 
spiral  of  tuyeres  with  the  employment  of  ordinary 
tuyeres  did  not  impair  the  efficiency  of  the  furnace, 
but  rather  otherwise. 

Where  the  upper  row  of  tuyeres  has  a  some- 
what downward  inclination,  as  in  the  Colliman 
furnace,  there  is  a  slight  tendency  to  economy.  The 
direction  concentrates  the  combustion  on  a  narrower 
ring  than  if  two  horizontal  rows  are  used.  The  number 
and  size  of  tuyeres  will  depend  on  the  size  of  cupola.  The 
only  condition  to  be  fulfilled  is  that  the  air  shall  reach 
the  centre  of  the  shaft  in  sufficient  amount.  Cupolas 
in  which  the  blast  is  kept  near  the  sidesrby  placing  the 
tuyeres  at  an  angle  are  wrong  in  principle,  and  are  not 
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satisfactory  in  practice.     The  ideal  condition  would  be 
to  have  a  slight  excess  at  the  centre,  as  the  height  of  the 


FIG.  224. — GKEINEH  AND  EKPK'  CUPOLA. 


charge  is  usually  a  little  greater  there,  increasing    the 
resistance.      In    the   upward   ascent   the   movement  of 
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the  gases  towards  the  sides  is  sure  to  occur,  as  the  result 
of  the  more  open  character  of  the  charge,  resulting  from 
the  straight  wall  abutting  on  the  irregular  pieces  forming 
the  charge.  Every  foundryman  knows  the  tendency  of 
the  flame  to  creep  up  the  sides. 

On  the  other  hand,  too  high  a  pressure,  and  too  large  a 
volume  of  air  at  low  pressure,  cause  the  coke  consumption 
to  increase  because  a  greater  volume  of  gas  passes  through 
the  cupola  in  the  same  time,  and  is  not  so  efficiently 
cooled.  In  the  latter  case,  the  melting  may  be  cool, 
even  with  an  increased  coke  consumption,  due  to  the 
excessive  combustion  being  confined  to  the  outer  part  of 
the  furnace.  With  the  former,  the  metal  may  be  melted 
hot.  Pressure  must  increase  with  an  increase  in  height. 

From  16,000  to  20,000  cub.  ft.  of  air  are  required  to 
burn  1  cwt.  of  coke,  with  ash  varying  from  0  to  15  per 
cent.,  and  allowing  no  excess.  These  figures  refer  to 
air  at  the  ordinary  pressure.  The  better  the  distribution 
of  air  and  design  of  cupola,  and  the  more  nearly  they  may 
be  approached.  Obviously,  the  total  tuyere  opening  must 
be  large  enough  to  admit  sufficient  air  at  the  pressure  of 
working.  The  latter  depends  on  the  diameter  of  cupola. 
Probably  from  20,000ft.  to  25,000ft.  are  more  commonly 
blown.  The  amount  of  air  regulates  the  rapidity  of  com- 
bustion and  the  rate  of  melting  if  the  cupola  be  high  enough. 
If  a  cupola  is  to  melt  at  a  given  rate,  its  tuyeres  must 
admit  sufficient  air  to  burn  the  coke  necessary  to  do  it. 

For  economy  only  a  slight  excess  should  be  blown, 
but  this  is  affected  by  the  character  of  the  charge. 
Small  material  will  melt  with  less  fuel  than  larger.  The 
larger  spaces  in  charges  of  the  latter  allow  the  gases  to 
get  away  more  quickly.  With  smaller  material,  the 
cooling  surface  presented  by  the  charge  is  greater,  and 
the  gases  are  more  efficiently  cooled. 

Too  large  a  volume  of  air  increases  the  cooling  effect 
on  the  material  in  front  of  the  tuyere,  and  is  liable  to 
produce  hanging.  This  will  be  dealt  with  later. 

It  is  possible  to  more  closely  approximate  the  amount 
of  air  supplied  to  that  actually  required  when  the  number 
of  tuyeres  is  increased,  and  the  advantages  that  are 
obtained  from  the  use  of  furnaces  with  multiple  tuyeres 
largely  arise  from  this  cause. 
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Opposite  each  tuyere  hole  a  door  of  adequate  size 
should  be  provided  ;  not  merely  a  small  hole  for  poking 
the  tuyere  clear. 

The  necessity  of  getting  the  air  to  the  centre  was 
responsible  for  the  central  blast  cupola,  Fig.  225,  the 
success  of  which  is  doubtful.  Troubles  arising  from  the 
burning  out  of  the  pipe  and  the  difficulty  of  fitting 
the  drop  bottom  militate  against  its  employment. 

A  gauge  should  be  attached  to  the  blast  belt  of  every 
furnace,  and  its  indications  watched.  The  best  blast 
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FIG.  225.— WEST'S  CENTRE-BLAST  CUPOLA. 

pressure  will,  as  inferred  from  the  above  considerations, 
vary  with  circumstances,  size  of  furnace,  nature  of 
charge,  and  quality  of  coke  all  having  to  be  considered. 

Air-blast  pipes  of  large  section  should  always  beprovided. 
It  is  useless  to  make  tuyere  openings  large  unless  the 
supply  pipe  is  large  enough  to  feed  them.  Being  too 
big  is  out  of  the  question,  as  its  large  volume,  if  bigger 
than  necessary,  only  helps  to  steady  the  blast. 

Drop  Bottoms. — The  use  of  a  movable  bottom  is  of 
advantage  in  several  ways.J^When  work  is  done  for  the 
day  an  ordinary  cupola  generally  contains  unburnt 


MELTING  IfcON  FOR  FOUNDRY  PURPOSES.  449 

coke  and  unmelted  iron.  This  is  necessary  as  a  safeguard. 
It  is  better  to  have  too  much  iron  over  than  to  spoil  cast- 
ings by  being  short.  In  the  ordinary  course,  the  surplus 
iron  must  be  melted  out  before  stopping  as  the  only  means 
of  removing  it.  This  involves  the  burning  of  coke, 
running  of  blower,  and  all  incidentals  contingent  on  the 
working  of  the  cupola.  With  a  drop  bottom,  as  soon  as 
sufficient  iron  has  been  melted,  the  furnace  can  be  run 
dry  and  the  bottom  dropped.  The  contents  of  the  furnace, 
after  quenching,  can  be  separated  and  removed.  Through 
the  open  bottom,  air  can  ascend  freely  to  cool  the  lining 
ready  for  such  patching  as  maybe  necessary  in  the  morning. 
Closing  the  charging  door  assists  in  the  cooling  effect  by 
increasing  the  draught.  Considerable  saving  in  fuel, 
fettling,  time,  and  running  expenses  are  made.  The 
drop  bottom  has  few,  if  any,  drawbacks  if  attention  be 
paid  to  making  the  bottom  tight.  If  it  leaks  it 
must  be  attended  to  forthwith,  blast  should  be  stopped, 
the  back  plate  removed,  and  the  faulty  bottom  repaired 
by  carefully  digging  out  the  sand,  leaving  if  possible  the 
top  layer,  and  ramming  fresh  sand  carefully  under  it. 
A  moulder  should  do  this,  as  he  knows  best  by  the 
feel  of  the  rammer  when  it  is  hard  enough. 

Receivers. — Furnaces  provided  with  fore  hearths,  like  Fig. 
221,  p.  442,  are  useful  for  purposes  where  uniformity  is  desir- 
able in  making  castings  of  a  like  character.  The  pipe  con- 
necting the  receiver  with  the  cupola  body  is  lined  with 
ganister,  and  is  intended  to  allow  hot  gases  to  pass 
from  the  receiver  to  the  body  of  the  cupola.  It  may  be 
dispensed  with  without  disadvantage. 

Reduction  of  the  size  of  the  lower  part  of  the 
furnace  is  intended  to  fulfil  two  objects.  It  enables  the 
blast  to  penetrate  more  readily  to  the  centre,  and  to  some 
extent  counteracts  the  tendency  of  the  blast  to  creep  up 
the  sides.  At  the  same  time  it  reduces  the  bed  charge 
of  coke  necessary  for  the  starting  of  the  cupola.  The 
principle  was  adopted  in  Ireland's  and  other  cupolas. 
It  will,  however,  be  seen  that  such  narrowing  is  prac- 
tically reducing  the  cupola  to  one  of  the  narrower  dimen- 
sions, as  all  the  combustion  and  melting  must  be  done  in 
that  part.  The  larger  bulk  of  material  in  the  upper 
wider  part  secures  a  better  abstraction  of  heat  from  the 
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gases,  and  may  secure  economy  in  that  way,  but  a 
cupola  of  greater  width,  if  worked  with  a  higher  and 
satisfactory  blast  pressure,  would  melt  more  quickly, 
since  a  greater  amount  of  coke  might  be  burnt  over  the 
greater  area.  This  reduction  in  area  has  some  tendency 
to  restrict  the  downward  movement  of  the  charge  and 
produce  hanging.  It  should  not  be  sudden,  but  should 
form  a  gradual  slope.  A  slight  enlargement  of  the  lower 
part  is  to  be  preferred  if  the  height  and  blast  are  satis- 
factory. This,  it  will  be  noted,  has  been  done  in  the 
Herbertz  cupola,  Fig.  223,  p.  444,  in  which  the  lower  part  is 
separated  from  the  body  by  a  space  the  width  of  which 
can  be  regulated.  Air  enters  through  this  space.  The 
narrowing  above  helps  to  centralise  the  action  of  the  blast, 
which  is  redistributed  at  a  higher  level. 

Heating  the  Air  Blast. — Attempts  to  employ  a  heated 
blast  have  so  far  not  met  with  great  success.  The  advan- 
tages of  using  hot  blast  if  it  could  be  readily  provided  are 
many.  Cold  air  entering  the  furnace  has  to  be  raised  to 
the  temperature  of  the  furnace,  and  absorbs  heat  from 
the  material  it  comes  in  contact  with.  This  applies 
whether  combustion  occurs  or  not.  For  this  reason,  the 
tuyeres,  &c.,  are  kept  cool  by  the  air  passing  through 
them  to  the  furnace,  and  for  the  same  reason  if  any 
hitch  occurs  in  the  working  of  the  cupola  the  air  entering 
cools  the  furnace  just  in  front  of  the  tuyeres,  and  may 
cause  or  prolong  scaffolding.  For  example,  if  a  big  piece 
of  unmelted  metal  gets  down  in  front  of  the  tuyere 
opening  so  that  the  air  blown  in  is  prevented  from  passing 
towards  the  centre  and  so  creeps  up  the  side,  the  piece  of 
metal  rapidly  becomes  cold  because  it  is  both  incombustible 
and  a  good  conductor  of  heat.  Slag  and  other  materials, 
even  molten  iron  melted  higher  up  and  falling  into  the 
crucible,  may  adhere  to  it  and  cause  a  complete  obstruction 
to  the  working,  and  the  furnace  may  become  "  gobbed  " 
up  or  "  stuck . ' '  Any  incombustible  obstruction  of  sufficient 
size  may  bring  about  the  same  result,  and  its  influence  is 
greater  the  more  readily  it  conducts  heat  and  gives  it  up 
to  the  air  that  strikes  it.  The  greater  the  volume  of  air 
entering  in  such  cases  and  the  worse  the  effect.  If 
it  be  possible  to  introduce  combustible  material  in 
front  of  the  blast,  it  may  be  possible  to  remove 
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the  obstruction.  Coal  is  often,  because  of  its  easy 
ignition,  introduced  through  the  doors  in  front  of 
the  tuyeres.  Generally  this  has  to  be  thrown  in,  and  much 
fails  to  get  to  the  proper  place.  If  the  door  be  big  enough 
it  can  be  put  in  readily.  If  it  ignites,  the  heat  generated 
may  melt  away  the  support  and  cause  the  charge  to  work 
down  regularly.  In  bad  cases,  however,  this  makes  no 
impression,  and  the  only  way  is  to  completely  close  the 
tuyere  or  tuyeres  that  have  gone  black  by  fragments 
of  brick  and  sandy  loam,  and  blow  through  the  others 
with  somewhat  increased  pressure  if  possible.  Fuel 
should  also  be  introduced  through  the  tuyeres  that  are 
open.  The  heat  carried  across  may  effect  the  relief 
sought,  if  one  side  of  the  furnace  continues  working,  and 
aid  may  sometimes  be  given  by  using  more  coke  in  the 
furnace  charges.  The  stopping  of  the  tuyeres  generally 
gives  relief,  except  in  neglected  cases,  and  the 
"salamander"  gradually  melts  down.  The  principal 
causes  of  these  obstructions  are  : — 

Projections  on  the  side  of  the  cupola  that  retard  the 

descent. 

Pieces  of  metal  of  too  large  size. 
Insufficiency  of  fuel. 

Poor  coke,  which  crushes  and  leaves  much  ash. 
Dirty  scrap  and  insufficient  and  improper  flux. 
Interference   with  the   blast   supply   by  the  tuyeres 

becoming  choked. 

The  necessity  of  keeping  the  tuyeres  free  from  slag 
accumulations  follows  as  a  matter  of  course. 

Big  scrap  may  become  jammed,  leaving  passages 
between,  and  by  presenting  too  small  a  surface  to  abstract 
heat  from  the  gases  passing  up  not  be  melted  by  the 
coke  charge  provided. 

Projections  on  the  sides  of  the  cupola  increase  the 
tendency  to  hold  up  the  charge,  hence  the  importance  of 
exercising  care  in  making  the  lining.  Sudden  changes  in 
section  should  be  avoided.  The  same  effect  is  produced 
by  pieces  of  metal  of  unsuitable  shape,  e.g. ,  broken  plates 
with  prods  that  catch  against  the  sides  of  the  furnace,  or 
by  careless  charging.  Such  pieces  may  become  wedged 
between  the  sides,  and  by  not  sinking  gradually  hold  up 
the  charge.  The  material  underneath  burns  away  or 
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melts,  and  when  the  support  is  melted  away  it  may  sud- 
denly fall.  Sometimes  a  cavity  more  than  a  foot  deep 
may  be  thus  formed.  It  is  dangerous.  The  sudden 
descent  may  burst  out  the  stopping. 

Poor  fuel  or  an  insufficiency  develops  less  heat  and 
has  less  melting  power.  If  it  leaves  much  ash  a  larger 
amount  of  slag  will  beproduced,  and  in  cupola  working  the 
less  slag  the  better.  Coke  which  crushes  is  worse,  as  the 
infusible  particles  of  coke  become  mixed  up  with  the  slag, 
producing  a  noncombustible  and  infusible  mass,  with 
certain  trouble.  Most  cupolas  require  attention  after 
several  hours'  working,  and  where  all-day  heats  are  worked 
a  fresh  bed  charge  is  added  for  the  afternoon.  This  is  of 
less  weight  than  the  morning  charge,  but  must  come  above 
the  tuyeres. 

Dirty  scrap — especially  sand — makes  the  slag  more 
difficult  to  melt,  and,  requiring  more  flux  to  remove  it 
increases  the  volume  of  slag,  with  the  possibility  of  its 
sticking  to  the  sides  of  the  tuyere  cooled  by  the  air  passing 
through,  and  gradually  cause  them  to  make  up  and  require 
poking. 

These  are  points  that  must  be  provided  against 
beforehand,  but  accidental  cases  may  often  be  successfully 
dealt  with  on  the  lines  laid  down. 

Any  change  in  cupola  design  that  tends  to  bring  the 
combustion  down  to  the  tuyere  level  will  tend  to  reduce 
the  coke  consumption,  but  in  a  furnace  where  the  area  is 
reduced,  it  does  not  necessarily  reduce  the  tendency  to 
hang. 

Heating  the  blast  concentrates  the  combustion,  and 
brings  it  low  down,  because  less  heat  is  absorbed  for 
expanding  and  heating  the  air  entering  the  cupola.  The 
zone  of  melting  and  most  active  combustion  is  well 
seen  on  examining  the  cupola  walls  when  not  in  use,  by  the 
increased  corrosion  of  that  part  of  the  lining.  It  may  be 
6in.  or  more  above  the  tuyeres,  the  space  below  it  being 
prevented  from  attaining  full  heat  by  the  air  passing 
through  abstracting  heat  from  the  material  it  contains. 

The  lower  the  zone  of  combustion  can  be  brought 
and  the  taller  will  be  the  column  of  material  through 
which  the  hot  gases  pass,  and  the  greater  will  be  the 
cooling  effect,  thus  tending  to  economise  coke.  Further, 
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the  metal  after  melting  will  in  falling  to  the  bottom  be 
exposed  for  a  shorter  time  to  the  action  of  the  blast,  and 
the  composition  will  be  less  altered.  The  bulk  of  the  loss 
of  silicon  and  manganese  occurs  in  passing  the  tuyeres. 

Warm  air  would  by  starting  the  action  in  front  of  the 
tuyeres  cool  the  slag  to  a  less  extent,  and  reduce  the 
tendency  to  stopping  up.  Unfortunately,  the  difficulties 
of  securing  warm  blast  are  considerable.  As  the  cupola 
only  works  intermittently,  it  would  be  necessary  to  have 
separate  heating  appliances.  Attempts  have  been  made 
to  heat  up  the  air  in  jackets  surrounding  the  melting 
chamber,  and  when  the  furnace  is  fully  hot,  the  air  may 
be  heated  to  a  considerable,  extent  in  this  way.  Two  or 
three  cupolas  of  this  type  have  been  devised. 

Preparing  the  Cupola.  —  Examination  of  the  lining 
must  be  made  from  time  to  time.  The  brickwork  of 
the  lining  in  the  melting  zone  just  above  the  tuyeres 
becomes  hollowed  by  the  action  of  the  heat  and  fluxes. 
This  must  when  necessary  be  made  good  by  the  application 
of  ganister.  Ganister  is  a  highly  silicious  fireclay. 

Stourbridge  Newcastle 

Ganister.  Clay.  Fireclay. 

Silica     ...V  89-04  ..      63-3        ..      69-25 

Alumina '.  5-44  ..      23-3        ..      17-9 

Lime 0-31  ..} 

Magnesia 0-17  ../ 

Oxide  of  Iron  .  2-65               1-8                 2-97 


Water   2-3        ..      10-3       ...       7-58 

Its  most  important  property  is  that  it  can  be  dried 
and  heated  strongly  without  shrinkage.  This  enables  it 
to  be  applied  in  a  moist  state,  so  that  it  can  be  moulded 
to  the  form  required.  Fireclay  would  shrink  when 
heated,  and  fall  away  from  the  lining.  Before  putting 
it  on  all  slag,  &c.,  should  be  broken  from  the  sides,  which 
should  be  wetted  unless  the  ganister  is  very  wet.  It  should 
be  well  forced  home  and  smoothed  off,  then  allowed  to  dry. 

Making  the  Bottom. — Good  loamy  sand  should  be 
rammed  in  and  carefully  shaped,  so  as^  to  slope  towards 
the  tap  hole.  The  material  used  must  show  no  liability  to 
fusion  or  cracking,  nor  must  it  contract,  otherwise 
a  running  bottom  will  have  to  be  dealt  with.  The  cooling 
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effect  obtained  by  the  free  circulation  of  air  under  the 
bottom  is  of  great  assistance  in  keeping  the  bottom  tight. 
The  tap  hole  must  be  formed  with  care,  as  there  must 
be  no  difficulty  in  stopping  the  flow  of  metal  when  necessary. 
It  is  made  by  carefully  ramming  a  mixture  of  good  fire- 
clay and  sand  tightly  round  a  tapering  bar  placed  in  the 
opening  in  the  bricks  left  for  the  purpose.     The  hole 
is  about  2in.  diam.  on  the  outside,  and  when  formed  the 
bar  is  withdrawn.     When  the  furnace  is  lit  the  material 
dries,  and  as  the  hole  is  not  stopped  when  blast  is  first 
put  on  the  flame  blowing  through  it  burns  it  hard.     The 
surface  becomes  glazed  and  vitrified  by  the  heat,  and 
thus  is  able  to  withstand  the  probing  and  impact  of  the 
pointed  bar — tapping  bar — used  to  remove  the  stopping 
when  the  metal  is  run  from  the  furnace. 

When  large  quantities  of  metal  are  to  be  melted  the 
preservation  of  the  tap  hole  is  an  important  factor  in 
attaining  success.  If  it  breaks  down  much  trouble  will 
ensue.  In  such  cases  it  is  protected  by  fixing  in  front 
an  iron  plate  having  an  opening  slightly  larger  than  the 
tapping  hole  itself. 

Filling  the  Cupola. — A  fire  is  lit  in  the  bottom,  and  a  bed 
charge  of  coke  varying  in  amount  with  the  size  of  the  cupola 
is  put  on.  This  bed  charge  must  extend  above  the  melting 
zone  of  the  cupola.  The  first  iron  charged  has  to  be 
melted  by  this  coke,  and  it  is  obvious  that  the  zone  of 
most  active  combustion  must  be  filled  with  fuel.  The 
weight  of  coke  will  depend  on  the  capacity  of  the  crucible 
of  the  furnace,  and  this  on  the  height  of  the  tuyeres  and 
its  diameter.  Attempts  to  reduce  the  weight  of  the  bed 
charge  by  lowering  the  tuyeres  and  narrowing  the 
crucible  have  been  made. 

The  effect  of  the  latter  has  been  already  referred  to. 
When  melting  small  quantities  of  metal  the  amount  of  the 
bed  charge  seriously  affects  the  weight  of  coke  burnt  per 
ton  of  metal  melted — melting  ratio — but  when  large 
amounts  are  melted  its  effect  is  reduced  by  being  spread 
over  the  whole. 

When  the  fire  is  going,  the  filling  commences.  The 
top  of  the 'coke  bed  should  be  level.  A  charge  of  iron 
of  suitable  weight  is  put  on,  followed  by  a  little  limestone 
or  other  flux.  On  this,  coke  is  charged  equal  to  8lbs.  to 
201bs.fper  hundredweight  of  iron  in  each  charge,  according 
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to  the  requirements  of  the  cupola.  Allowing  15  per  cent, 
for  heat  lost  in  the  gases  and  10  per  cent,  by  radiation 
from  the  furnace,  15  per  cent,  for  the  incombustible  ash 
of  the  coke,  and  4  per  cent,  for  moisture,  a  hundred- 
weight of  iron  should  require  about  4 Jibs.,  but  usually 
more  than  double  is  required.  In  exceptional  cases,  less 
may  be  required.  The  loss  is  due  to  the  irregular  working 
of  the  furnace,  the  absorption  of  heat  by  the  masonry, 
imperfect  combustion,  and  moisture  in  the  air  blown. 

Effect  of  Moisture  on  Blast. — Moisture  is  decomposed  in 
the  cupola,  with  a  great  absorption  of  heat,  especially 
in  front  of  the  tuyeres.  Moisture  has  on  this  account 
the  effect  of  raising  the  melting  zone.*  The  amount  of 
heat  required  to  decompose  a  pound  of  steam  is  3,830 
heat  units,  which  is  abstracted  from  the  material. 

lib.  of  coke  containing  88  per  cent,  carbon  yields 
7,000  heat  units  when  burnt  to  C02. 

The  oxygen  from  lib.  of  water  in  combining  with  car- 
bon yields  from  1,640  to  2,690  heat  units,  according  to 
the  product  formed.  The  possible  chemical  changes  are 
as  follows  : — 

2H90+C  =  CO,+2H2 
H20  +  C  =  CO  +    H2 

Probably  some  of  the  hydrogen  burns  again  to 
water  in  the  furnace.  The  region  of  most  active 
combustion  is,  besides  being  raised,  extended  in 
height,  and  the  lack  of  concentration,  while  saving  the 
furnace  walls  somewhat,  causes  the  temperature  of  the 
molten  metal  to  be  reduced.  In  face  of  these  facts  an 
attempt  to  actually  blow  steam  into  the  furnace  along 
with  the  air  was  made  some  few  years  ago,  and  a  patent 
obtained  for  the  process.  That  it  was  a  failure  will  be 
obvious. 

Moisture  in  the  coke  is  removed  hi  the  upper  part  of 
the  furnace.  Its  removal  abstracts  heat  from  the  gases 
and  retards  the  heating  up  of  the  charge. 

It  is  clear  that  the  blower  should  not  be  in  a  situation 
where  the  air  is  likely  to  be  made  unduly  damp  by  steam 
or  other  moisture,  as  in  order  to  obtain  hot  metal  with 

*  Moisture  in  the  atmosphere  varies  up  to  1*4  per  cent.,  according  to 
atmospheric  conditions. 
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moist  air  more  coke  will  have  to  be  burnt.  Coke,  iron,  and 
flux  are  charged  in  alternate  layers  till  the  cupola  is  filled 
to  the  charging  door. 

Flux. — The  flux  generally  used  consists  of  some  form  of 
carbonate  of  lime.  Limestone  is  commonly  employed,  but 
shells,  marble  chippings,  and  other  similar  substances  may 
be  used.  The  limestone  should  be  as  pure  as  possible,  and 
free  from  sulphate  of  lime.  Dirty  coke  or  much  sand  on 
the  scrap  will  require  more  flux.  All  scrap  should  be 
made  as  clean  as  possible.  It  is  best  rattled.  How  long 
a  cupola  can  work  at  a  time  is  dependent  on  the  time 
it  will  melt  clean  metal.  Each  part  of  sand  would 
require,  in  order  to  produce  a  very  fusible  slag,  from 
three  to  five  times  its  weight  of  limestone,  but  as  the 
fluxing  is  assisted  by  oxide  of  iron  on  the  scrap  and  in  the 
ash  of  the  coke  less  is  required.  A  slight  excess  in  the 
amount  of  lime  used  will  not  make  the  slag  less  fusible, 
and  it  is  better  to  err  on  that  side.  With  ordinary 
coke,  about  31bs.  to  51bs.  of  limestone  per  cwt.  of  coke  is  a 
suitable  amount.  With  much  sand  in  scrap  this  should  be 
increased.  Thus,  a  furnace  taking  a  bed  charge  of  10 
cwts.  would  have  28lbs.  to  30lbs.  of  limestone  on  the  top 
of  the  first  charge,  and  if  2  cwt.  of  coke  is  put  between 
the  iron  charges  6lbs.  to  lOlbs.  of  limestone  will  be  added 
with  each  charge.  The  limestone  is  broken  small ;  for 
the  larger  furnaces  to  the  size  of  ordinary  macadam,  for 
smaller  ones  it  should  be  used  in  chippings.  The  more 
generally  it  is  distributed,  the  more  readily  it  comes 
into  contact  with  the  matters  requiring  fluxing.  The 
limestone  is  decomposed  by  the  heat  just  as  in  a  lime- 
kiln. Carbonic  acid  gas  is  driven  off,  and  the  lime  that 
remains  acts  as  the  flux. 

Fluor  spar  has  come  into  extensive  use  as  a  flux 
under  the  name  of  Bohemian  flux.  Unlike  lime,  it  is 
itself  fusible.  It  makes  the  slag  liquid,  but  is  not  so 
good  a  flux  for  sand.  It  is  claimed  that  it  assists  in  the 
removal  of  sulphur,  or  at  anyrate  helps  to  prevent  the 
absorption  of  sulphur  by  the  metal  during  melting,  and 
by  this  means  improves  the  quality  of  the  metal.  From 
Jib.  to  lib.  per  hundredweight  of  iron  is  used. 

An  excess  of  flux  will  corrode  the  lining  of  the 
furnace  by  combining  with  the  silica  of  the  brickwork. 
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Foundry  Coke. — In  selecting  the  most  suitable  coke  for 
foundry  use,  the  following  points  must  be  borne  in  mind  :— 

(1)  The  amount  of  sulphur  ; 

(2)  The  amount  of  ash  ; 

(3)  The  amount  of  moisture ; 

(4)  Crushing  strength  and  cell  structure. 

The  sulphur  should  not  exceed  1  per  cent.  Moisture 
2  per  cent. ;  at  the  coke  works  it  is  often  less.  The  ash 
increases  the  amount  of  slag.  The  coke  must  be  hard  and 
strong  enough  to  resist  the  rough  handling  and  the  metal 
falling  on  it  without  crushing,  but  it  is  possible  to  have  it 
too  hard  and  too  dense  for  work  under  certain  conditions. 
Coke  burns  only  on  the  surfaces  where  it  comes  in  contact 
with  air.  If  very  close  and  hard,  and  the  blast  is  a  soft 
one,  the  burning  is  confined  to  the  surfaces  of  the  pieces 
only,  but  a  stronger  blast  will  penetrate  into  the  pores, 
and  increase  the  area  over  which  combustion  is  going  on, 
and  the  rate  of  combustion  and  melting.  With  softer 
blast  and  lighter  burdens  more  rapid  melting  can  be 
obtained  by  a  more  porous  coke.  It  must  however  be 
of  uniform  texture,  as  all  places  where  it  is  more  open 
will  burn  more  rapidly,  and  the  coke  will  then  become 
divided  up  and  not  properly  support  the  charge.  The 
small  pieces  will  also  increase  in  number  as  the  fuel  burns, 
and  these  may  get  involved  in  the  slag.*  Gas  coke  is 
unsuitable  for  these  reasons. 

Coke  should  be  bright  and  clean-looking,  but  much  good 
coke  lacks  the  silvery  colour  insisted  on  by  many  foundry- 
men. 

Placing  the  Charge. — Consideration  of  the  working  con- 
ditions of  the  cupola  will  show  that  with  the  usual  arrange- 
ment the  most  rapid  and  economical  melting  would 
result  if  each  charge  of  iron  were  contained  in  a  shallow 
basin  of  coke  in  which  both  bottom  and  sides  were  of 
equal  thickness.  The  one  condition  necessary  for  the  best 
working  is  that  the  blast  shall  always  blow  on  coke,  and 
that  the  heat  shall  be  taken  up  by  the  iron.  If  the 
layers  are  quite  flat,  and  the  blast  blows  across  them, 
each  coke  layer  must  be  capable  of  burning  away  and 
melting  the  charge  resting  on  it.  Any  excess  of  coke 
will  gradually  accumulate  and  keep  the  iron  higher  up. 

*  This  will  prevent  the  coke  from  being  burnt  and  the  slag  from  melting 
and  "  gob  up  "  the  furnace. 
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Any  deficiency  will  lead  to  iron  getting  down  in  front  of 
the  tuyeres.  Cold  and  bad  melting  will  result,  with 
perhaps  worse  difficulties.  With  the  iron  resting  as  stated 
the  charge  melts  as  it  descends,  and  coke  is  always  main- 
tained in  front  of  the  tuyere.  Probably  some  of  the 
improved  results  obtained  by  cupolas  that  are  contracted 
in  the  melting  zone,  are  due  to  the  tilting  inwards  of  the 
charge  that  must  occur  in  passing  the  contraction. 

The  arrangement  of  fuel  and  iron  just  mentioned  is 
not  easily  obtained,  but  in  practice  it  is  approached  by 
throwing  the  iron  of  the  charge  well  to  the  centre  of  the 
cupola,  and  keeping  the  fuel  more  toward  the  sides,  taking 
care  that  the  added  coke  completely  covers  the  charge 
below  it,  and  forms  a  supporting  bed  for  the  next  charge 
of  iron.  There  must  be  no  central  column  of  metal 
merely  surrounded  by  coke.  This  is  especially  dangerous 
with  a  soft  blast,  as  sufficient  heat  will  not  be  carried  to 
the  centre  to  melt  the  iron.  With  the  latter  more  level 
distribution  is  desirable. 

The  filling  of  the  cupola  may  be  proceeded  with  as 
soon  as  the  fire  is  well  alight,  or  it  may  be  allowed  to 
burn  up  well  and  warm  the  lining  gradually  and  equally 
before  charging  commences.  In  any  case,  the  fire  must 
be  lit  long  enough  before  putting  on  the  blast  to  thoroughly 
heat  up  the  furnace.  Two  or  three  hours  may  be  thus 
occupied.  During  this  period,  all  the  openings  of  the 
furnace  are  open.  Before  blast  is  put  on  for  melting 
down  the  metal,  sand  is  put  in  front  of  the  breastplate, 
and  this  is  wedged  in  place.  In  furnaces  like  Fig.  219  (p. 
439  ante)  the  swivelling  heads  of  the  tuyeres  which  have 
been  turned  away  from  the  furnace  are  put  in  position, 
and  luted  with  clay.  Blast  is  put  on,  the  tap  hole  being 
left  open.  From  this  flame  issues  and  bakes  and  heats  up 
the  lining  of  the  tap  hole.  It  may  be  stopped  up  in  a  few 
minutes  or  may  be  left  open  till  drops  of  metal  appear. 
Some  prefer  to  use  a  gentle  blast  for  a  few  minutes,  and 
then  shut  it  off  to  stop  the  tap  hole,  putting  on  full 
pressure  afterwards. 

Stopping  the  Tap  Hole.— The  stopping  is  done  by  means 
of  a  plug  of  sandy  clay  stuck  on  the  flat  end  of  the 
"  bot  "  stick.  The  clay  should  not  burn  so  hard  as  to  offer 
great  difficulty  in  removing  it  to  tap  the  furnace.  The 
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plug  should  be  moulded  to  a  conical  shape,  and  the 
bot  stick  held  with  the  plug  pointing  downwards  towards 
the  hole,  in  which  position  the  stopping  should  be 
introduced.  By  bringing  the  stick  sharply  down  to  a 
horizontal  position,  and  at  the  same  tune  pushing  home 
the  stopping  and  giving  the  rod  a  twist,  the  hole  is  effec- 
tually closed  without  running  the  risk  of  causing  the  metal, 
when  stopping  its  flow,  to  spurt  out.  Any  such  tendency 
is  directed  downwards  into  the  gutter. 

After  stopping  the  tap  hole  full  pressure  of  blast  is  em- 
ployed, and  the  metal  as  it  melts  accumulates  in  the  crucible 
of  the  furnace  or  in  the  receiver  as  the  case  may  be.  Metal 
usually  commences  to  run  from  7  to  15  minutes  from 
putting  on  the  blast,  and  its  accumulation  is  watched. 
When  enough  has  collected  the  stopping  of  the  tapping 
hole  is  carefully  broken  away  by  the  pointed  end  of  the 
bot  stick  and  the  metal  run  into  the  ladle.  After  its 
withdrawal  the  hole  is  stopped  as  described. 

Fresh  additions  of  material  are  made  to  the  cupola  as 
the  charge  sinks,  and  continue  till  melting  is  finished. 
In  the  later  charges  less  coke  is  used,  as  the  furnace  has 
become  hotter  and  there  is  probably  a  small  excess  of 
coke  remaining  from  previous  charges.  Thus  a  sample 
charge  may  be  made  up  as  follows  :  Diameter  of  cupola, 
4ft.  ;  weight  of  coke  in  bed,  10  cwt.  ;  charge  of  iron  1 
ton,  limestone  30lbs.,  coke  2  cwt.,  iron  1  ton,  limestone 
71bs.  to  14lbs.,  repeated  till  the  furnace  is  filled. 
Similar  additions  are  made  as  melting  proceeds  till  the 
last  charges.  In  these  the  coke  may  be  reduced  to 
1 J  cwt.  and  on  the  last  charge  to  1 J  cwt.  If  the  scrap  is 
very  heavy  more  fuel  will  be  required,  and  the  amount 
must  be  maintained  to  the  end.  With  light  scrap  less  is 
necessary.  Scrap  carrying  much  sand,  gates,  risers,  &c., 
will  require  the  maximum  amount  of  flux  and  an  increase 
in  fuel. 

During  the  melting,  constant  attention  must  be  paid 
to  the  condition  of  the  tuyeres  and  pressure  of  blast. 

Black  tuyeres  must  be  poked  clear.  Any  solid  metal 
in  front  must  be  pushed  forward  if  possible,  and  any 
obstruction  dealt  with  as  previously  described. 

Fig.  226  is  a  sketch  of  a  simple  blast  gauge.  It  con- 
sists of  a  bent  glass  tube  with  a  movable  scale,  and  is 
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filled  with  coloured  water.  When  the  cork  is  inserted 
in  a  hole  provided  for  the  purpose  in  the  tuyeres, 
or  blast  belt,  the  liquid  is  forced  to  the  long 
limb  of  the  tube  till  the  pressure  of  the  liquid  column 
is  equal  to  that  of  the  blast.  The  scale  is  graduated  in 
inches.  To  measure  the  pressure  the  scale  is  moved 
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FIG.  226. — SIMPLE  BLAST  GAUGE. 

so  that  its  lower  edge  is  at  the  level  of  the  water  in  the 
short  limb,  and  its  height  in  the  long  limb  read  off.  This 
gives  the  pressure  in  inches  of  water.  Each  inch  of 
water  is  equal  to  0-58oz.  (approx.),  and  a  difference  of 
level  of  lOin.  is  approximately  6oz.  of  blast  pressure. 
Other  liquids  may  be  used,  but  water  is  always  obtainable, 
and  the  tube  can  be  made  quite  long  enough  for  ordinary 
cupola  pressures.  With  high-pressures  mercury  is  sub- 
stituted for  water ;  lin.  equals  8oz.  approximately. 
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Pressure  gauges  must  be  fitted  to  both  blower  and 
furnace.  The  difference  between  the  pressures  regis- 
tered indicates  the  loss  through  escape  (only  too  frequent) 
or  friction  in  the  pipes.  Any  difficulty  in  obtaining  the 
necessary  pressure,  and  any  fluctuation  during  working 
will  be  indicated.  If  the  blower  be  placed  in  a  closed  room 
it  may  exhaust  the  air  more  quickly  than  it  finds  its  way 
in,  and  it  will  be  difficult  or  impossible  to  maintain  the 
pressure.  Any  cover  or  other  obstruction,  permanent 
or  temporary,  may  do  the  same.  Such  causes  should  be 
looked  for.  If  the  blower  be  out  of  order  the  wafters 
may  require  attention,  or  if  the  speed  is  too  slow  a  lower 
pressure  results.  In  this  connection  the  size  of  the  tuyeres 
must  be  kept  in  mind.  Enlarging  them  will  reduce  the 
pressure  for  the  same  speed,  and  conversely  the  pressure 
rises  if  they  are  made  less.  In  practice  the  cupola  should 
be  tested  for  the  most  suitable  pressure,  having  regard  to 
rapidity  of  melting,  coke  consumption,  temperature  of 
metal,  change  in  composition,  ease  of  descent  of  charges, 
power  consumed  by  blower,  and  other  incidental  costs 
and  conditions.  There  is  a  best  blast  pressure  for  every 
tuyere  area  and  diameter  of  cupola,  but  it  will  be  affected 
by  the  condition  of  the  charge.  Small  material  offering 
greater  obstruction  requires  a  higher  pressure. 

It  is  possible  to  melt  iron  quite  as  hot  with  low  pressure 
as  with  high-pressure  blast,  but  it  will  take  longer.  It 
may  also  require  more  coke,  as  the  amount  of  combustible 
gases  passing  away  will  increase.  If  the  blast  does  not 
reach  the  middle  there  will  always  be  a  central  column 
round  and  in  which  incomplete  combustion  is  going  on 
with  the  production  of  carbon  monoxide.  If  the  charge 
in  the  centre  is  open  this  will  pass  upward  and  escape 
without  burning.  If  the  centre  is  close,  the  gas  formed 
may  at  a  higher  point  pass  outward  to  the  sides,  and, 
if  there  be  excess  of  air,  burn  and  produce  flaming  up 
the  sides  at  the  top  of  the  charge.  Even  then  the  heat 
generated  is  in  a  great  measure  lost  to  the  furnace.  The 
wider  the  cupola  and  the  less  the  penetration  of  the  blast 
and  the  larger  the  area  of  incomplete  combustion  becomes. 
It  follows  that  soft  blast  is  only  suited  for  small  cupolas  or 
open  charges.  The  smaller  the  materials  in  the  furnace 
and  the  consequent  greater  obstruction  to  the  blast,  and 
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the  higher  the  pressure  that  will  produce  best  results. 
Reference  to  the  effect  of  the  quality  of  coke  has  been 
already  made. 

If,  under  ordinary  conditions,  the  gauge  registers  an 
increased  pressure  scaffolding  must  be  looked  for. 
Inspection  through  the  tuyeres  will  generally  show  an 
empty  space  in  front,  while  above  is  an  arch  of  solidified 
material,  slag,  iron,  &c.  The  rise  in  pressure  is  due  to 
the  obstruction  in  the  furnace.  Only  a  few  passages 
exist  through  the  material  filling  the  cupola,  and  up 
these  the  gases  pass. 

Since  the  charge  is  not  passing  down  and  carrying 
with  it  the  heat  absorbed  in  the  upper  part  of  the  furnace, 
the  gases  arrive  at  the  top  of  the  charge  hot,  and  a  whitish- 
yellow  flame  rises  from  the  charge  into  the  hood,  and 
sometimes  extends  beyond  the  top  of  the  cupola. 

Such  an  appearance  would  also  accompany  the  blowing 
of  blast  at  too  high  pressure  in  an  open  charge,  if  enough 
coke  be  present,  but  would  be  unaccompanied  by  a  rise 
in  pressure.  Taller  cupolas  and  small  material  by  offering 
greater  obstruction  to  the  passage  of  the  air,  also  cause 
an  increase  in  blast  pressure,  and  some  fluctuation  may 
occur  through  the  melting  and  removal  of  charges  of  this 
character,  to  all  of  which  the  furnaceman  must  be  alive. 
Clear  tuyeres  and  a  steady  blast  indicate  regular  working. 

Appearance  of  Flame. — It  seldom  happens  that  com- 
plete combustion  occurs  in  the  cupola,  and  it  is  doubtful 
whether  it  is  advisable.  Sufficient  carbon  monoxide 
should  be  present  in  the  gases  to  prevent  undue  oxidation 
of  the  manganese  and  silicon  in  the  iron.  If  the  heat 
generated  be  taken  up  by  the  material,  the  gases  will 
arrive  at  the  top  too  cool  to  burn  well.  There  should 
be  no  continuous  flaming  up  through  the  top  charge.  It 
occurs  when  either  the  cupola  is  not  high  enough  above 
the  tuyeres,  the  volume  or  pressure  of  the  blast  is  too 
great,  or  the  charge  is  too  open,  through  the  pieces  of 
material  being  too  large  for  the  size  of  the  cupola  (in  the 
latter  case  the  pressure  gauge  will  give  a  low  reading). 
Flaming  at  the  sides  may  be  caused  by  soft  blast  and  bad 
charging,  or  by  the  resistance  in  the  middle  of  the  cupola 
being  too  great.  Soft  coke  that  crushes  easily  may  cause 
this.  It  leads  to  the  consumption  of  too  much  coke,  and 
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it  is  only  possible  under  these  conditions  to  obtain  hot 
metal  when  there  is  a  sufficient  excess  of  coke  to  provide 
the  heat  thus  being  wasted.  The  inconvenience  to  the  men 
employed  in  charging  is  very  great. 

More  or  less  flame  is  generally  present  in  the  chimney 
or  hood,  and  is  due  to  the  burning  of  the  carbon  monoxide 
in  the  gases.  It  should  be  bluish  inclined  to  pink.  The 
pinker  it  becomes  the  hotter  are  the  gases  escaping  from 
the  charge.  It  should  appear  to  cling  to  the  roughnesses 
and  projections  of  the  chimney,  running  down  toward 
the  openings  in  the  charge  from  time  to  time.  If  a  red 
flame  be  produced  it  will  generally  persist  at  such  openings, 
and  the  removal  of  heat  thus  indicated  may  be  accom- 
panied by  dull  metal  in  the  ladle.  When  the  gases  are 
still  hotter  the  flame  becomes  yellow,  and  is  often  of  large 
volume,  blowing  out  at  the  top  of  the  cupola.  It  occurs 
with  too  low  a  blast  pressure,  bad  distribution,  and 
obstruction  in  the  cupola.  Opening  the  tuyeres  will 
often  produce  it.  The  lowering  of  the  pressure  thus 
caused  allows  the  blast  to  creep  up  the  sides.  These 
remarks  do  not  apply  to  the  end  of  the  blow,  when  much 
flame  generally  appears  owing  to  the  diminished  height 
of  the  charge. 

The  best  work  is  being  done  when  the  flame  is  bluish, 
uncertain  in  character,  and  clings  to  the  chimney.  The 
temperature  of  the  escaping  gases  in  a  tall  cupola  need 
not  exceed  350°  to  400°  C. 

Melting  Ratios. — All  charges  of  iron  and  coke  should 
be  weighed.  In  working  a  new  cupola  the  amount  of 
coke  necessary  cannot  be  arrived  at  other  than  by 
experiment,  and  it  is  better  to  use  an  excess  of  coke  than 
run  the  risk  of  dull  iron  or  a  stuck  cupola. 

As,  however,  the  iron  sinks  to  the  fusion  zone 
before  melting,  any  large  excess  of  coke  must  burn 
away  before  the  charge  of  iron  can  reach  this  region  of 
highest  temperature.  The  preliminary  heating  which 
it  gets  is,  however,  with  a  larger  coke  supply  greater, 
and  the  metal  after  fusion  is  hotter  in  consequence. 

The  amount  of  metal  per  unit  of  coke  burnt  is  described 
as  the  melting  ratio.  It  may  be  stated  in  cwts.  of  coke  per 
ton  of  iron  melted  or  as  a  simple  ratio,  e.g.,  1  :  10,  stating 
the  number  of  pounds  of  iron  melted  by  lib.  of  coke. 
Some  of  the  published  figures  used  in  advertisements  are 
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almost  ridiculous.  No  doubt  the  figures  were  obtained, 
but  whether  under  foundry  conditions  or  not  is  not  clear. 
The  heat  from  lib.  of  coke  should  melt  approximately 
40lbs.  of  iron,  but  in  practice  a  melting  ratio  of  1  :  10  is 
very  good.  Occasionally*  1  :  14  is  obtained,  but  often er 
the  ratio  is  1  :  5,  1  :  7,  or  1  :  8.  These  figures  read  2  cwts., 
1 J  approx.,  4,  3,  2J  approx.  per  ton  of  iron  melted. 

When  long  runs  are  possible,  the  ratio  is  higher 
than  on  short  runs.  This  is  due  to  the  coke  used  in  the 
bed  charge  being  distributed  over  the  greater  weight  of 
metal  melted. 

For  the  same  reason  a  small  cupola  is  more  economical 
for  melting  small  quantities  than  a  large  one.  With  the 
former  a  longer  run  will  be  necessary  to  melt  the  amount 
required,  but  it  will  be  done  with  less  coke  and  will  be 
hotter.  In  the  latter  case  the  short  run  will  necessitate 
a  full  bed  charge  whether  the  cupola  is  run  for  one  hour 
or  four,  while  the  metal  will  be  cooler  owing  to  the 
furnace  not  having  got  hot.  The  time  a  cupola  can  be 
worked  is  dependent  on  slag  formation,  and  its  fluidity. 
If  long  runs  are  being  worked,  care  should  be  taken  to 
have  everything  clean — furnace,  scrap,  fuel — and  to  use 
sufficient  flux,  but  not  in  excess. 

Poor  or  wet  coke  and  too  soft  a  blast  will  bring  down 
the  melting  ratio.  The  former,  owing  to  its  deficiency 
in  combustible  (carbon)  is  incapable  of  developing  the 
same  amount  of  heat,  and  the  latter  causes  too  great  a 
waste  of  heat  in  the  gases.  In  fact,  any  interference 
with  the  proper  working  of  the  cupola  will  reduce  the 
ratio. 

It  must  be  remembered  that  low  coke  consumption  is 
not  the  only  point  to  be  aimed  at.  Hot  and  rapid  melting 
are  of  equal  importance,  and  unless  the  metal  is  at  a 
proper  temperature  good  castings  cannot  be  made. 
For  this  reason  the  figures  obtained  on  heavy  work  are 
more  favourable  than  on  light  work  where  hotter  iron  is 
needed. 

Thus  on  the  same  cupola  for  heavy  tool  work  the 
ratios  worked  out  at  1  :  10  approximately,  while  the 
ratio  for  light  work  gave  1  :  7,  and  for  medium  castings 
1  :  8  approximately.  A  ratio  of  1  :  5  may  even  be 

*  The  author  has  verified  this. 
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reached  on  very  small  work,  using  difficultly  fusible  irons, 
as  in  malleable  work,  in  which  wrought-iron  scrap  or 
mild  steel  is  used  in  the  mixture,     These  figures  com- 
pared with  ratios  of  1  :  1  6  and  1:17  sometimes  submitted 
look  small,  but  they  represent  the  realisation  in  ordinary 
practice  taken  over  r  eaonably  long  periods  .     An  approach 
to  a  ratio  of  1  :  10  represents  good  work,  and  occasionally 
it  may  be  exceeded.     In  furnaces  working  forenoon  and 
afternoon  heats,  the  ratio  for  the  afternoon  is  higher  than 
the  morning  heats,   because  the  second  bed  charge  is 
smaller  than  the  first,   the  cupola  being  hotter  at  the 
beginning.     Attention  has  already  been  called  to  the 
fact  that  on  short  heats  the  ratios  are  lower.     In  an 
actual  case  the  cupola,  3ft.  in  diameter,  was  charged  as 
follows  :  — 

cwt. 
Coke  in  bed      .  .          .  .          ......       7 

Iron       .  .          .  .          .  .          .  .          .  .  15 

Coke     ............        If 

Iron      .  .          .  .          .  .          .  .          .  .  15 

Coke     |p      ........  .          .  .        1| 

Iron       .  .          .  .          .  .          .,.         V.  15 

Coke     ......          ..       '•".'..'       ..       1| 

Iron       .  .          .  .          .  .•         .  .          .  .          .  .      15 

Ten  charges  of  iron  were  melted,  and  for  the  last  four 
the  coke  was  respectively  1J  cwts.,  1J  cwts.,  1  cwt.,  and 
56lbs.      The  scrap  was  light,  and  the  blast  pressure  lOoz. 
Four  charges  of  iron  filled  the  cupola  to  the  charging- 
door.     In  all,  7  tons  10  cwts.  were  melted,  and  the  ratio, 
Total  iron  ^16,8001bs. 
Total  coke"   2,2681bs. 
Had  the  run  only  melted  seven  charges  the  ratio 

would   have   been        '        =1:6*1    approx.,    and   if    14 

L,yo2 

23,520     ,     . 


Any  method  of  charging  will  show  a  similar  increase 
in  melting  ratio  with  longer  runs. 

While  it  is  advisable  to  melt  as  economically  as  possible 
it  is  of  the  first  importance  to  obtain  the  metal  in  proper 
condition  for  pouring.  Good  clean-running  metal  is 
necessary  to  obtain  sound  castings. 

FFi 
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Melting  Different  Charges  in  the  Cupola. — In  foundries  where 
the  class  of  work  is  uniform,  or  where  the  volume  is  sufficient 
to  use  separate  cupolas  for  different  purposes,  the  charges 
when  fixed  upon  can  be  repeated  till  work  is  completed. 
In  smaller  foundries  where  a  single  cupola  has  to  do  all 
the  melting,  it  is  often  necessary  to  melt  different  mix- 
tures in  the  cupola  during  the  same  run. 

Speaking  generally,  the  furnace  being  cooler  at  the 
beginning  of  the  blow,  the  melted  iron  is  duller  and  less 
fluid,  and  is  liable  to  contain  slag  in  consequence.  Hence 
a  fusible  charge  may  be  put  in  for  the  first,  and  is  used  for 
less  important  work.  The  succeeding  iron  is  hotter 
and  cleaner.  For  particular  purposes  the  third  charge  is 
probably  best.  Fragments  from  the  lining,  and  other 
dirt  have  been  fluxed,  and  removed,  the  furnace  is  hot 
but  not  excessively  so,  and  the  slag  has  not  accumulated 
to  an  extent  likely  to  render  the  metal  dirty.  The  later 
metal  is  hotter  and  more  suitable  for  smaller  work. 

This  practice  of  using  a  thicker  bed  of  coke  at  every 
third  or  fourth  charge  is  sometimes  done  on  ordinary 
work.  The  intention  is  to  prevent  the  cupola  becoming 
too  hot.  It  is  possible  to  reduce  the  quantity  of  coke 
between  the  iron  charges  in  proportion  to  the  increased 
quantity  of  coke  before  such  charge.  Thus,  if  the  third 
charge  is  increased  by  751bs.,  each  of  the  two  intervening 
ones  is  reduced  by  251bs.  It  is  doubtful  how  far  this 
succeeds,  but  it  may  compensate  for  any  possible  deficiency 
of  coke  in  the  original  charge. 

In  melting  charges  of  different  character,  a  thicker 
bed  of  coke  is  used  to  separate  them  from  those  below, 
and  the  light  material  is  placed  above  the  heavy  in  order 
that  equal  melting  may  be  secured  and  proper  mixture 
may  be  obtained.  After  tapping  off  the  lower  charges  in- 
to the  ladles,  the  burning  of  the  extra  coke  temporarily 
slows  down  the  melting,  and  enables  it  to  be  collected  more 
or  less  separately.  Unless  the  materials  selected  are 
more  or  less  of  a  similar  character,  the  mixing  cannot  be 
very  thorough.  Better  admixture  is  possible  in  such 
cases  if  the  capacity  of  the  hearth  is  greater.  It  thus  becomes 
possible  to  melt  the  whole  charge,  and  running  from  the 
cupola  into  the  ladle  mixes  it. 
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For  special  work  the  metal  should  be  melted,  and 
run  into  pigs  which  are  broken  up  and  remelted.  The 
preference  which  many  founders  have  for  using  scrap  is 
because  of  the  admixture  secured  during  previous  melting. 

Collecting  Metal.— In  cases  where  a  large  quantity  of 
iron  has  to  be  melted  in  a  single  cupola  the  metal  is  tapped 
from  the  furnace  into  the  ladle  as  it  comes  down.  The 
ladle  must  be  very  hot  and  well  lined,  and  the  metal 
protected  with  coal  dust,  or,  better,  charcoal,  and  covered 
with  a  plate.  The  metal  must  be  melted  hot,  so  that  the 
freshly  added  portion  shall  keep  that  already  collected 
fluid.  If  the  melting  capacity  of  the  cupola  is  big  enough, 
the  metal  may  stand  a  considerable  time  without  injury- 
two  hours  and  a  half  to  three  hours.  Generally  the 
remains  of  the  fire  used  for  warming  the  ladle  burn  out 
on  top  of  the  metal,  and  keep  it  hot.  The  coal  dust  or 
charcoal  also  burn.  Sawdust  is  sometimes  used,  but 
is  less  desirable  than  charcoal.  This  course  is  only 
necessary  with  large  castings,  for  which  it  is  undesirable 
to  have  the  metal  too  hot,  so  that  some  cooling  of  the 
metal  is  of  no  consequence. 

If  the  cupola  be  small,  the  time  occupied  hi  gathering 
the  metal  may  be  excessive.  In  that  case  a  little  more 
fuel  and  often  light  scrap  is  used  for  the  later  charges. 

While  it  is  undesirable  to  push  a  cupola  unduly  it  is 
occasionally  necessary.  A  second  cupola  means  more 
driving  power  and  blast  equipment,  and  may  be  only 
required  occasionally.  The  metal  must,  of  course,  be 
carefully  skimmed  before  pouring. 

If  the  metal  does  not  continue  hot  enough  it  will 
solidify  on  the  bottom  and  sides. 

Sometimes,  instead  of  using  a  ladle,  a  receiver  is  con- 
structed either  in  front  of  the  cupola  or  immediately  in 
the  vicinity  of  the  mould.  Such  a  receiver  should  have 
an  iron  casing,  be  well  lined  with  firebrick  or  loam,  and 
thoroughly  dried  and  heated. 

For  very  large  volumes  of  metal,  the  metal  collected 
in  the  receiver  may  flow  first  into  a  trough  constructed 
in  front  from  which  it  passes  to  the  gates.  This  trough 
acts  as  a  pouring  basin. 

The  receiver  may  be  made  of  flanged  cast-iron  plates 
bolted  to  a  base  plate  of  suitable  thickness.  This  is 
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lined  with  six  inches  of  bricks  and  loam.  One  of  the 
plates  has  a  hole,  say,  6  by  4,  for  making  the  tapping 
hole.  The  lining  in  front  of  this  consists  of  sand  and 
blacking  or  plumbago  in  equal  parts  well  rammed,  and 
an  iron  cover  plate  is  provided,  held  in  place  by  a  bar 
running  across  it,  the  ends  resting  in  lugs  at  the  sides 
of  the  opening.  It  is  easy  to  pick  away  such  a 
stopping  when  the  ladle  is  filled.  This  ladle  is 
placed  at  a  convenient  distance  from  the  mould,  and  the 
metal  conveyed  to  it  by  a  smaller  ladle,  say  3  tons. 
During  the  collection  the  top  is  partially  covered  with 
iron  plates,  space  being  left  for  pouring  in  the  metal. 

In  front  a  large  trough  is  constructed  with  a  fall  towards 
the  mould.  It  may  be  made  in  sand,  but  plates  covered 
with  4Jin.  of  bricks  in  loam  are  better.  The  end  next 
the  ladle  is  open,  but  the  further  end  is  stopped  by  a 
plate  at  the  lower  end  of  which  is  an  opening  about 
Sin.  by  Gin.  A  well-fitting  loam-covered  plate  is  used  to 
cover  this  opening,  and  should  fit  closely.  The  trough 
may  be  7ft.  or  8ft.  long,  and  2ft.  to  3ft.  or  more  wide  and 
deep. 

The  metal  after  collection  is  tapped  from  the  ladle 
into  the  trough,  and  when  the  metal  reaches  nearly  to  the 
top  of  the  plate  covering  the  opening  it  is  raised  high 
enough  to  allow  the  metal  to  flow  out  at  such  speed 
as  to  keep  the  gates  fully  supplied  without  swamping 
the  head  or  letting  the  dirt  pass.  This  method 
of  operation  has  many  advantages.  It  does  away 
with  skimming  and  the  cooling  that  attends  and 
succeeds  the  uncovering  of  the  metal.  A  good  fire  can 
thus  be  kept  burning  above  the  metal.  It  also  avoids 
the  wild  rush  of  the  metal  from  tipping  ladles,  while  the 
trough  with  its  door  allows  the  metal  to  flow  into  sight 
so  that  the  running  is  assured,  and  can  be  made  without 
dribbles  of  metal  falling  into  the  mould  while  the  stopping 
is  being  removed. 

The  trough  is  covered  with  iron  plates  and  sand  to 
protect  the  man  in  charge  of  the  shutter  regulating  the 
flow  of  metal  to  the  mould. 
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Fans. — Fans  are  extensively  employed.  They  are  useful 
where  only  cupolas  of  small  diameter  are  in  use.  The 
difficulty  with  a  fan  is  to  obtain  sufficiently  high  pressure 
for  larger  cupolas,  and  with  the  modern  tendency  to 
increase  the  height  of  the  furnace,  and  consequently 
the  resistance  of  the  charge,  they  are  being  replaced 
more  and  more  by  positive  pressure  blowers.  Fans  are 
more  sensitive  to  the  effects  of  furnace  obstruction,  and 
there  is  less  likelihood  of  the  pressure  gauge  rising  to 
any  considerable  extent  until  the  obstruction  has  become 
serious.  This  follows  from  the  fact  that  the  inlet  of  the 
air  is  dependent  on  the  removal  of  the  air  in  front  of  the 
vanes  and  along  the  delivery  channel.  If  its  motion  be 
impeded  the  suction  diminishes  or  ceases.  The  rates  of 
revolution  are  high,  but  the  perfect  balance  that  can  be 
secured  if  the  design  be  efficient  allows  the  speed  to  be 
attained  without  any  injury  such  as  might  ensue  if 
such  balance  were  impossible.  This  is  of  the  utmost 
importance,  and  much  of  the  repair  work  necessary  is  due 
to  a  lack  of  attention  to  this  point.  In  a  good  fan  long 
well-lubricated  bearings  are  essential. 

Sudden  jerks,  such  as  are  produced  by  too  rapid  starting 
and  stopping  or  speeding  up  too  rapidly,  have  a  tendency 
to  upset  the  balance  by  affecting  the  slightly  weaker 
members  more  than  the  stronger.  In  this  way  a  perfectly 
balanced  fan  maybe  soon  spoiled.  In  belt-driven  machines 
the  slip  of  the  belt  is  largely  responsible.  When  it  slips 
the  driving  power  is  largely  removed  ;  when  it  grips 
it  does  so  suddenly,  and  a  jerk  or  its  equivalent  is  the 
result.  A  whipping  belt  means  a  noisy  and  troublesome 
fan.  The  more  steadily  it  can  be  run  the  better.  The 
greatest  difficulty  will  naturally  arise  when  the  motion 
is  transmitted  at  once  from  a  large  pulley  on  the  driving 
shaft  to  a  small  one  on  the  fan,  since  the  length  of  strap 
lying  round  the  pulleyAwillAbe  less  as  the  difference  in 
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diameter  is  greater.  By  using  intermediate  shafts,  driven 
either  by  spur-wheel  gearing  or  by  belts,  the  final  trans- 
mission of  power  can  be  made  by  pulleys  of  more  equal 
diameter  and  this  difficulty  minimised. 

The  driving  of  fans  direct  by  coupling  with  an 
electric  or  other  motor,  or  by  building  the  motor  on  the 
shaft,  has  gone  far  to  remove  the  difficulty,  but  as  yet 
these  are  not  largely  used.  At  high  pressures,  fans  con- 
sume much  more  power  than  blowers  for  the  same  amount 
of  air  moved. 


FIG.  221). — KEITH  ELECTRICALLY- DRIVEN  FAN  FOR  CUPOLAS. 

The  Keith-Blackman  fan  is  shown  in  Figs.  227  and 
228.  The  blades,  20  in  number,  are  curved  as  shown, 
and  are  carried  by  two  rings  which  stiffen  and  support 
the  edges  at  proper  distances  apart.  The  fan  wheel 
is  set  eccentrically  in  the  casing,  and  is  carried 
by  the  shaft  on  which  the  electric  motor  is  built. 

The  air  is  drawn  in  at  the  middle  of  the  wheel 
through  an  opening  in  the  casing.  Motion  is  given  to 
it  by  the  revolving  vanes,  and  the  centrifugal  force 
generated  throws  it  to  the  outside  of  the  casing  and 
impels  it  forward. 
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As  an  illustration  of  the  requirements  and  duties 
of  fans  the  figures  relating  to  the  above  fan  are  quoted 
in  the  table  given  below  : — 


Tons 

Size. 

Revolu- 
tions 
per 
Minute. 

Inside 
Diameter 
of  Outlet 
in 
Inches. 

Approximate 
Volume  of 
Air  moved  in 
Cubic  Feet 
per  Minute. 

Water 
Gauge 
of  Air 
Pressure 
in  Inches. 

Watts 
required. 

Inside 
Diameter 
of 
Cupola  in 
Inches. 

Melted 
per  Hour 
under 
Average 
Condi- 

tions. 

1 

4700 

3 

350 

10 

920 

14 

j 

2 

3900 

4 

530           12 

1600 

16 

3_ 

3 

3100 

6 

1050           14 

3400 

20 

l| 

4 

2600 

8 

1700           16 

5400 

24 

2i 

5 

2300 

10 

2700           18 

9300 

30 

4 

6 

2000 

12 

4000 

20 

15000 

36 

6 

FIG.  230.— SECTION  OF  A  BLOWING  CYLINDER 


Watts  may  be  con- 
verted to  brake  horse- 
power by  multiplying 
by  T?^  These  fans 
are  also  supplied  belt 
driven. 

Cost. — In  first  cost 
and  repairs  fans  are 
usually  cheaper  than 
blowers,  but  the  power 
required  to  deliver  a 
given  volume  of  blast 
at  high  pressure  is 
greater  than  with  blow- 
ers. This  is  especially 
the  case  when  a  fan  is 
being  over-run  at  high 
speeds.  The  efficiency 
diminishes  as  the  speed 
increases.  With  blow- 
ers (having  an  un- 
obstructed inlet)  the 
capacity  of  its  chamber 
remains  constant,  and 
the  amount  of  air 
delivered  for  each 
revolution  if  the  blower 
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be  in  good  order,  is  constant,  while  the  pressure  is 
directly  proportional  to  the  rate  of  driving.  The  run- 
ning costs  are  less,  and  for  all  extensive  installations 
some  form  of  positive  pressure  blower  is  the  more 
economical. 

Blowers  and  Blowing  Engines. — The  increase  in  height  and 
capacity  of  cupolas,  with  increased  friction  in  the 
cupola,  made  the  use  of  some  form  of  pressure  blower 
necessary.  For  very  large  volumes  or  very  high 
pressures,  and  where  the  machine  is  in  constant  use, 
blowing  engines  which  take  the  form  of  air-forcing 
pumps  are  most  reliable  and  economical.  The  slower 
speed  and  the  reciprocating  motion  make  them  less 
liable  to  get  out  of  order,  while  the  rate  of  driving,  the 
size  of  the  blowing  cylinder  and  its  outlets  determine  the 
pressure  attained  and  the  volume  delivered.  Fig.  230  shows 
a  blowing  cylinder.  Such  engines  are,  however,  too  costly 
for  the  intermittent  duty  required  in  a  foundry,  but  are 
used  for  blast  furnaces  and  steel  converters.  In  order  to 
secure  a  steady  blast  it  is  necessary  to  employ  a  regulating 
vessel  of  large  capacity,  or  to  have  several  cylinders  so 
that  at  least  one  is  delivering  air  at  any  particular 
moment.* 

Rotary  blowers  are  in  general  use  for  foundry  purposes. 
They  are  so  constructed  that  revolving  waiters  cause 
alternate  enlargement  and  reduction  of  the  air  space  in 
the  same  manner  as  the  moving  piston  does  in  a  cylinder. 
During  the  period  of  enlargement  the  space  is  open  to 
the  outer  air,  and  during  its  reduction  communication  is 
established  with  the  blast  main.  By  a  suitable  construc- 
tion all  valves  are  unnecessary,  thus  avoiding  the  main 
trouble  with  small  air-pumping  appliances  while  a  regular 
blast  is  secured  free  from  the  fluctuations  due  to  the 
change  of  direction  in  the  movement  of  the  piston. 
Thus,  ease  of  working,  lower  cost,  and  the  diminished 
space  they  occupy  more  than  compensate  for  any  draw- 
backs. 

A  simple  rotary  blower  (Fig.  231)  consists  of  a  cylinder 
or  drum  A  supported  on  feet,  open  on  the  side  B  to  the 
air,  and  connected  at  C  with  the  blast  main.  A  hollow 
cylinder  D  carried  by  the  revolving  shaft  E  is  placed 

*  Blowers  on  the  principle  of  the  Parsons  turbine  are  coming  largely  into 
use  for  these  purposes. 


474 


BLAST   FOR   CUPOLAS. 


eccentrically  with  regard  to  A.  At  its  lower  side  it  rests 
in  running  contact  with  the  inner  surface  of  A.  Two 
wafters  F  and  G  are  arranged  to  slide  in  and  out  of  recesses 
in  D  as  the  latter  revolves.  In  this  way  the  air  space  on 
the  left  is  continually  enlarging  when  the  wafter  passes 
the  inlet  till  it  attains  the  highest  point,  while  the  corre- 
sponding space  on  the  left  is  diminishing  as  the  wafter 
approaches  the  outlet  C.  The  wafters  are  an  air-tight  fit 
in  the  slots  in  which  they  slide,  and  the  edges  work  air- 
tight against  the  surfaces  of  the  cylinder  A.  The  shaft 
carrying  D  works  through  a  stuffing  box  in  the  end  of  the 
drum  A.  Machinesrof  this  kind  are  less  used  in  foundries 


FIG.  231. — SIMPLE  ROTARY  BLOWEK. 

than  in  gas  works,  where  they  are  employed  for  exhausting 
the  gas  from  retorts  and  driving  it  through  the  purifiers,  &c. 
The  difficulty  lies  with  the  sliding  plates,  which  at  the 
rate  at  which  it  must  be  driven  to  provide  the  necessary 
air  do  not  keep  the  necessary  tightness,  rattle,  and  cause 
loss  of  blast. 

Baker's  blower  is  shown  in  Fig.r232,  and  in  section  in 
Fig.  233.  The  blades  on  the'upper  revolving  drum  take 
out  the  air  from  the  hollows  in  the  two  lower  drums 
alternately.  These,  as  will  be  seen,  serve  by  their  revolu- 
tion to  alternately  increase  and  decrease  the  air  space  and 
obviate  the  necessity  of  the  wafter  blades  sliding  into  the 
boss.  The  speed  is  less  than  the  Roots  blower  for  the  same 
air  delivery,  but  the  power  consumption  is  about  the  same. 
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Particulars  supplied  by  the  makers  are  given  below : — 


.1. 

i> 

§1 

Us 

"S  afe  . 

1 

Y> 

Number. 

Displacemen 
in  Cubic  Feet 
Revolution 

Price. 

Revolutions  i 
Minute. 

i*  £ 
ff 

Internal  Diam 
in  Inches  of  Cu 
for  which  Blo1 
is  suitable, 

Cubic  Feet  Pa 
per  Hour. 

Diameter  o 
Outlet. 

Diameter  o 
Pulley. 

Width  of 
Pulley. 

£ 

In. 

In. 

In. 

A 

17 

12 

300 

FOR  ] 

BRAZING. 

3,000 

2 

8 

2 

| 

3 

20 

250 

11,250 

3| 

16 

3 

i 

11 

25 

250 

'"* 

14  to  18 

22,500 

3| 

16 

3 

1 

3 

36 

240 

1 

18   22 

43,200 

6 

20 

3i 

2 

6 

52 

200 

2 

22   27 

72,000 

9 

30 

:i 

9 

59 

175 

2i 

27   30 

94,500 

9| 

30 

4j 

4 

13 

68 

165 

3 

30   34 

128,700 

ll| 

40 

6 

4£ 

17 

72 

150 

5 

34   40 

153,000 

Hi 

40 

6 

5 

25 

95 

140 

8 

40   48 

210,000 

15 

48 

8 

5£ 

30 

111 

130 

10 

48   52 

334,000 

16| 

48 

8 

6 

45 

177 

130 

14 

50   62 

351,000 

20| 

54 

8 

7 

60 

265 

130 

20 

62   72 

468,000 

24 

60 

10 

74 

72 

310 

130 

22 

62   72 

561,600 

24 

60 

10 

8 

100 

425 

130 

28 

72   90 

780,000 

28 

72 

Hi 

Roots  Blower. — This  is  more  extensively  used  than  any 
other  form.  It  embodies  the  same  principles,  but  is 
simpler  in  construction.  It  is  shown  in  Figs.  234  to  236.  The 
whole  of  the  blowing  capacity  depends  on  the  conjoint  re- 
volution of  two  waf  ters  carried  on  separate  shafts,  the  edges 
of  the  waf  ters  being  practically  in  continual  contact  with 
the  inner  sides  of  the  casing,  or  with  the  surfaces  of  each 
other  during  the  whole  revolution  except  when  drawing 
in  or  delivering  air.  The  outer  casing  consists  of  a 
cylinder  or  drum  divided  into  halves  and  placed  one  on 
each  side  of  a  rectangular  section  of  a  width  equal  to  the 
distance  between  the  centres  of  the  waf  ters. 

The  clearance  between  the  edges  of  the  wafters  or 
revolvers  and  the  sides  of  the  machine  is  very  small, 
and  they  are  made  practically  air-tight  by  using  a  grease 
composition  of  tallow  and  blacklead  in  the  proportion 
of  3  to  1,  or  by  some  such  device  as  running  in  red  oxide 
paint.  Thus,  whilst  there  is  no  actual  contact  between 
the  revolvers,  the  amount  of  slip  or  leakage  backward  of 
the  blast  is  reduced  to  a  minimum,  and  the  mechanical 
efficiency  reaches  a  high  level.  Good  results  can  only  be 
secured  by  accurate  machining  and  balancing  of  the 
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revolvers  and  lightening  the  moving  parts  as  much  as 
possible.  The  construction  of  the  case  must  be  equally 
accurate,  the  centring  of  the  revolvers  and  length  and 
adjustability  of  the  bearings  so  as  to  secure  steadiness  of 
running  at  high  speeds  with  possible  variations  in  the 
driving  power,  receiving  special  attention.  Both  revolvers 


FIG.  234. — SECTION  THROUGH  THWAITE'S  ENGINE -DRIVEN  ROOTS  BLOWER. 

are  provided  with  driving  pulleys,  one  at  each  end  of  the 
casing,  and  in  the  case  of  direct  engine-driven  blowers, 
each  is  driven  directly  as  shown  in  Fig.  235.  As  the  wafters 
are  geared  together  by  toothed  wheels,  noiselessness  can 
only  be  obtained  by  having  accurately-shaped  teeth.  For 
durability,  we  prefer  machine-moulded  cast  wheels.  They 
are  slightly  more  noisy  than  machine-cut  wheels  at  first, 
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but  the  latter  are  sof  ter,{wear  more  rapidly,  and  actually 
become  more  noisy  in  the  end.  They  only  equalise  the 
power  transmitted,  and  secure  the  maintenance  of  the 
relative  positions  of  the  wafters  during  the  whole  period 
of  revolution. 


FIG.  235. — THWAITE'S  COMPOUND  ENGINE  AND  ROOTS  BLOWER. 

Machines  of  this  type  have  the  advantage  that  the 
amount  of  air  delivered  is  proportional  to  the  rate  at  which 
they  are  run,  but  they  do  not  give  pressures  higher  than 
31bs.  with  economy  unless  they  are  run  in  series,  the 
blast  from  one  being  delivered  to  another  similar  machine. 
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Table  I.  gives  the  capacities  of  Roots  blowers,  p.  483. 

Power  Required  for  Blowers.  —  If  we  ascertain  the 
energy  stored  up  in  the  required  volume  of  air  per  minute, 
we  can  ascertain  the  horse-power  required  for  the  blower, 
thus  :— 

V=  volume  of  air  in  cubic  feet  per  minute;  W  G  = 
inches  water  pressure;  5-  2=  pressure  in  pounds  of  lin. 
of  water  over  a  square  foot  of  surface,  then 


33000-  '- 

The  efficiency  of  a  blower  is  under  most  favourable  con- 
ditions 85  per  cent.  In  actual  practice  it  is  about  66  to  70, 
and  the  figure  obtained  above,  multiplied  by  1-  5,  will  give  a 
safe  working  margin.  This  is  especially  necessary  when 
adopting  electric  driving,  a  form  of  power  often  very 
suitable  for  foundry  use,  as  the  blower  can  be  put  near  the 
furnaces  without  incurring  any  of  the  difficulties  attaching 
to  steam  connections,  &c. 

Fig.  237,  p.  482,  is  a  table  showing  the  energy  in  different 
volumes  of  air  at  14in.  and  21in.  W.G.  The  numbers 
relate  to  the  capacity  of  Thwaite's  Roots  blowers. 

Fixing  a  Blower.  —  Attention  must  be  paid  to  the 
solidity  of  the  foundations  and  the  perfect  levelling  of  the 
shafts  in  both  directions.  It  should  be  so  placed  as  to 
be  free  from  sand,  or  the  wear  of  the  journals  and  wheels 
will  be  excessive.  The  taper  bushes  with  which  the  new 
machines  are  fitted  must  be  accurately  adjusted,  and 
care  taken  not  to  pull  the  revolver  against  the  end  plate. 
The  bearing  in  the  end  plate  should  be  adjusted  before  the 
outside  bearings.  When  the  blower  is  in  proper  condition 
it  can  be  easily  turned  by  hand  when  the  belts  are  thrown 
off,  and  should  not  stick  anywhere,  but  be  equally  free 
in  every  part  of  the  revolution.  As  there  is  no  internal 
friction  if  bearings  and  gearing  are  attended  to,  there 
should  be  little  need  for  repair. 

It  is  important  that  the  driving  pulleys  shall  be  of 
equal  diameter  and  the  belts  equally  tight. 

Pipes.  —  Pipes  leading  the  air  to  the  cupolas  should  have 
a  larger  diameter  than  the  outlet  of  the  fan.  For  short 
lengths  about  1J  times  is  sufficient,  but  for  long  lengths 
1J  times  is  a  better  proportion.  It  is  better  for  the 
error  to  be  on  the  side  of  bigness. 
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AIR  FURNACES. 

AIR  furnaces  are  reverberatory  furnaces  of  special 
shape  used  for  melting  iron.  They  were  formerly 
much  in  vogue  for  the  melting  of  large  weights  of  iron 
for  heavy  castings,  and  were  also  used  to  serve  as  a 
receiver  in  which  metal  melted  in  the  cupola  could  be 
kept  hot  till  enough  had  accumulated  for  the  work  in 
hand.  The  air  furnace  is  sometimes  still  used  for  this 
purpose.  It  is  very  wasteful  in  fuel,  and  has  little  to 
recommend  it  in  preference  to  modern  cupolas  for  any 
but  malleable  and  other  special  work.  The  oxidising 
effect  of  the  flame  serves  to  reduce  the  silicon  in 
the  iron.  Metal  of  finer  grain  containing  more 
combined  carbon  and  consequently  stronger,  but 
at  the  same  time  harder,  is  produced,  while  the 
greater  holding  capacity  of  the  furnace  ensures  the 
uniformity  of  the  metal  used.  If  such  a  furnace  be 
used  for  heavy  work,  the  ironwork  must  be  strong,  and  the 
materials  used  for  the  lining  very  refractory,  or  the  furnace 
may  fail  just  at  the  critical  moment  when  full  of  molten 
metal. 

Air  furnaces  were  formerly  very  useful  for  dealing 
with  heavy  lumps  of  scrap  too  big  for  the  cupola.  With 
the  use  of  modern  high  explosives,  such  as  gelignite,  the 
breaking  up  of  such  pieces  now  offers  no  difficulty. 

Long-flaming  coal  of  good  quality  is  the  best  fuel,  but 
the  consumption  is  very  high.  A  ratio  of  1  :  2  or  even  1  :  1 
is  common,  giving  an  efficiency  of  from  2  to  5  per  cent. 
In  l '  malleable ' '  foundries  where  the  furnaces  can  be  worked 
continuously,  these  figures  are  much  more  favourable. 
The  amount  of  ash  should  be  as  low  as  possible,  and 
it  should  not  clinker.  The  fireplace  should  be  15in. 
deep,  and  the  mouth  should  be  kept  full  of  coal  to  prevent 
the  rush  of  cold  air  into  the  furnace.  Most  air  furnaces 
in  this  country  work  with  natural  draught.  The  chimney 
should  be  not  less  than  30ft.  high,  and  have  an  area  equal 
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to  at  least  one-third  the  total  area  of  the  firegrate.  If 
less  the  stack  must  be  higher.  The  grate  area  should 
be  at  least  two-fifths  of  the  area  of  the  furnace  bed. 


If  the  ashpit  be  closed,  forced  draught  produced  by 
steam  jets  or  other  means  may  be  employed.  In  a  few 
cases  the  air  thus  sent  to  the  furnace  is  passed  through 
pipes  placed  in  a  chamber  at  the  end  of  the  furnace  heated 
by  the  hot  gases  escaping  from  the  furnace.  Melting  is 
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in   such   cases   hotter,    quicker,  and   more    economical. 
Forced  draught  and  hot  air  are  used  in  air  furnaces  for 
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malleable  work.       It  is    a  good  plan  in   any  case   to 
construct  the  furnace  bed  as  a  shallow   arch  and  draw  the 
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air  for  the  fire  under  it  to  keep  it 
cool,  and  reduce  the  danger  of  a 
break-out.  With  hot  air  metal  may 
be  melted  even  hotter  than  is  the 
case  in  an  ordinary  cupola  and  the 
whole  of  the  metal  may  be 
uniformly  hot.  Thus,  while  the  air 
furnace  is  neither  so  handy  or  so 
economical  as  the  cupola,  it  can 
compete  with  it  for  certain  purposes. 
By  careful  management  of  the  flame, 
its  atmosphere  can  be  made  oxidis- 
ing, neutral,  or  reducing,  so  that 
the  metal  may  be  affected  in  any 
desired  manner.  In  melting  for 
malleable  work,  silicon  and  man- 
ganese may  be  removed  by  oxidation. 
A  strongly  oxidising  flame  is  short, 
bright,  clear,  and  often  makes  some 
noise.  It  is  described  as  a  "cutting 
flame."  Reducing  flames  are  smoky. 

The  melting  period  is  long,  and 
it  is  thus  possible  to  cast  samples  of 
metal  in  small  chill  moulds  for  trial 
(as  mentioned  under  Malleable 
Castings)  in  order  to  see  whether 
the  metal  is  "  high  "  enough  for  the 
purpose.  If  not,  the  treatment  may 
be  continued  till  the  proper  con- 
dition has  been  attained.  If  for 
ordinary  castings,  the  depth  of  chill 
and  contraction  tests  can  be  made, 
and  from  the  measurements  and  frac- 
tures the  metal  can  be  adjusted,  the 
addition  of  ferro-silicon  or  silico- 
manganese  either  for  this  or  any  other 
purpose  being  easily  made.  If  too 
grey  and  open,  the  oxidation  can  be 
continued. 


J 


In  ordinary  practice  the  use  of 
|^  ^  air  furnaces  is  restricted  to  the  pro- 
%£?  duction  of  chill  rolls,  large  cylinder 
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work,  and  other  important  heavy  castings.  Many  air 
furnaces  are  provided  with  roofs  built  in  sections,  each 
of  which  can  be  lifted  independently.  This  is  convenient 
for  charging  large  masses  of  iron,  and  for  repairs. 
Each  course  of  brickwork  is  sometimes  held  in  a  separate 
clamp,  and  these  are  set  together  to  provide  the  roof. 
Fig.  238  shows  the  general  outlines  of  an  air  furnace  for 
burning  coal.  With  coke  a  deeper  fire  may  be  used  if 
forced  draught  be  applied,  but  with  natural  draught 
the  area  must  be  increased.  The  furnace  bottom  slopes  to 


FIG.  238. — AIB  FURNACE  FOR  BURNING  COAL. 

the  tap  hole,  in  front  of  which  the  ladle  may  be  placed  in  a 
suitable  hollow  in  the  floor. 

Furnaces  from  which  castings  are  run  direct,  have 
sometimes  a  bed  sloping  from  the  fire  bridge  to  the  flue, 
at  which  end  the  tap  hole  is  situated  on  a  level  with  the 
floor.  The  metal  can  then  run  directly  into  a  channel 
leading  it  to  the  moulds. 

In  melting  iron  in  the  air  furnace  the  sand,  burnt  on  the 
surface  of  the  pigs,  is  often  left  as  a  skeleton  upon  the 
hearth,  and  should  not  be  pushed  down,  but  raked  out 
when  melting  is  over.  As  little  slag  should  be  formed 
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as  possible,  to  avoid  injury  to  the  bed.     Shaped  beds  are 
carefully  rammed  up  with  refractory  sand  or  ganister. 

Air  furnaces  are  often  used  for  collecting  metal  from 
cupolas  for  making  very  large  castings.  In  this  case  the 
furnace  is  heated,  and  a  charge  of  pig  put  on  the  bridge 
side  and  run  down.  If  time  allows,  other  charges  may  be 
introduced  and  melted.  Molten  metal  is  brought  in  ladles 
from  the  cupolas  and  emptied  into  the  furnace  down  an 
iron  gutter  lined  with  ganister  and  supported  on  a  suitable 
staging.  Its  outer  end  is  enlarged  into  a  basin,  so  that 
the  ladles  can  be  quickly  emptied.  This  method  of 
gathering  large  quantities  of  metal  is  superior  to  any 
other.  All  the  metal  is  sure  to  be  hot  and  uniformly 
mixed. 

Siemens'  Regenerative  Furnaces. — These  and  also  oil-fired 
reverberatory  furnaces  are  used  to  a  considerable  extent 
for  melting  iron  for  making  malleable  castings.  The  gas 
used  is  ordinary  producer  or  Mond  gas.  In  oil  furnaces, 
oil,  heavy  petroleum,  or  blast  furnace,  or  coke-oven  oils, 
having  a  gravity  of  from  0'  87  to  0-9,  are  used. 
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USEFUL  DATA. 

In  calculating  net  weights  of  metal  required  an  allowance  of 
281bs.  per  ton  on  the  gross  weight  must  be  made  for  the  sand 
carried  by  pig  iron  cast  in  a  sand  bed. 

No  allowance  is  needed  for  pig  iron  cast  in  chills. 

In  making  castings  for  sale,  more  especially  small  light  re- 
petition castings,  a  margin  of  2J  per  cent,  under  or  over  specifi- 
cation is  a  reasonable  limit.  Payment  for  such  overweight  is 
usually  made.  Generally  the  founder  does  not  make  such 
castings  too  light. 

CALCULATION  OF  WEIGHT  OF  CASTINGS  AND  OF  METAL  REQUIRED. 

1  This  may  be  done  by  dividing  up  the  casting  into  separate 
parts  of  definite  shape,  calculating  the  volume  of  the  parts,  then 
the  weight,  and  adding  the  weights  of  the  separate  parts  together. 

1  cub.  ft.  of  water  =  62  -51bs.,  and  if  the  sp.  gr.  of  grey  iron  be 
taken  at  7*2,  1  cub.  in.  of  iron  weighs  0«2611b.,  medium  soft 
0-2631b.  per  cubic  inch.  Hard  close  iron  of  sp.  gr.  7-4  weighs 
0-2671b.  per  cubic  inch. 

A  cubic  foot  of  cast  iron  weighs  approximately  4  cwts. 

An  iron  casting  weighs  approximately  14  times  the  weight  of 
a  pattern  made  in  yellow  pine,  if  solid. 


If  the  area  of  the  base  of  a  solid  and  the  height  be  known,  the 
volume  is  easily  found.  The  areas  of  common  bases  are  found 
as  follows  : — 

A  To  find  the  area 

|B          Of  a  rectangle.    Multiply  the  lengths  of  the 
1      two  sides.     (A  x  B)  =  area. 


Of  a  parallelogram.  Multiply  the  side  by  the 
vertical  height.     A  x  B  =area. 
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A  triangle.   Multiply  the  length  of  the  base 

bv  half  the  vertical  height.     _  _,       AD 

BC  x  -y  =  area. 

Or  add  the  lengths  of  the  three  sides  together 
and  divide  by  two.  From  this  half  sum  sub- 
tract the  length  of  each  of  the  three  sides  separ- 
a  fcely .  Multiply  the  remainder  and  the  half  sum 
together,  and  extract  the  square  root.  This  gives 
the  area.  It  would  only  be  applied  where  direct 
measurement  of  the  height  was  impossible. 

Of  a  quadrilateral  figure.  Divide  into  tri- 
angles, find  the  area  of  each  separately  and 
add  together. 

Of  a  trapezoid.  Add  the  lengths  of  the 
two  parallel  eides  and  multiply  the  sum  by  half 
the  perpendicular  distance  between  them. 


o 


Of  a  polygon,  that  is  any  rectilinear  figure. 
Divide  into  triangles  or  other  convenient 
forms  and  add  results  together. 


Of  a  regular  polygon.  Multiply  the  length 
of  the  side  by  half  the  height  to  centre  of  figure 
and  by  the  number  of  sides. 

Of  a  circle.  Multiply  the  radius  by  itself 
(r2)  and  the  product  by  3-1416  (ir)=(7rr2) 
3  •  1 41 6  is  approx.  3i.  Or,  multiply  the  diameter 
by  itself  and  by  0-7854. 


If   the   circumference   be   known   divide   the 
square  of  the  circumference  by  4  x  3-1416. 

Of  a  circular  ring.  Calculate  area  of  each 
circle  separately,  and  deduct  the  smaller  from 
the  greater. 

Of  a  sector.  Find  area  of  circle  of  which 
sector  is  a  part,  and  multiply  by  <*„,.  when  n 


is  the  number  of  degrees  included  in  the  angle. 
Or  multiply  the  arc  by  the  radius  and  take 
half  the  product. 


488  APPENDIX. 


Part  of  a  ring.     Find  areas  of  the  sectors 
separately  and  deduct  one  from  other. 


Of     a    segment    less    than    a    half    circle. 
This  is  equal  to  area  of  sector,  less  the  area  of 
triangle  0  A  C ;  or  plus  the  area  of  0  A  C  if  greater 
-0         than  the  half  circle. 


Of  an  ellipse.     Multiply  the^product  of  the 
axes  by  0-7854. 


VOLUME  OF  SOLIDS. 

To  find  the  volume  of  any  regular  solid  of  uniform  section, 
that  is,  having  vertical  sides.  Multiply  the  area  of  the  base 
by  the  vertical  height.  This  applies  to  prisms,  cylinders, 
hollow  cylinders,  &c. 

Of  a  pyramid  or  cone.  Multiply  the  area  of  the  base  by 
the  height  and  divide  by  3. 

Of  a  wedge,  if  like  a  triangular  prism.     Cal- 
culate  as   a  prism,   and    divide    by  2.       Or 
add   the    length    of    the    edge   to   twice   the 
A"  T\         length  of  the  base.     Multiply  the  sum  by  the 

/  \         /   \      width  of  the  base,  and  the  product  by  the 

A — L A    height  of  the  wedge.     One-sixth  of  the  result 

is  the  volume  of  the  wedge. 

Of  a  sphere.  Multiply  the  diameter  by 
itself  twice,  and  the  result  by  0-5236,  i.e., 

ji  ^       -4       o 
ad~£-or^7r  r6 
o          o 

Of  a  spherical  shell.  Deduct  the  cube  of 
the  small  diameter  from  the  cube  of  the  outer 
diameter  and  multiply  the  result  by  0-5236. 

Of  a  segment  of  a  sphere.  Multiply  the 
V  J  radius  of  the  base  by  itself,  the  result  by  three, 

multiply  the  height  by  itself  and  add  the  two 
results.  Multiply  the  result  by  the  height  and 
the  product  by  0-5236.  i.e. ,-  5236  h  (3r2  +  &2). 

Of  a  zone.  Multiply  the  radius  of  each  end 
by  itself  and  add  them  together.  Multiply 
the  result  by  three,  add  the  square  of  the 
height,  and  multiply  by  the  height  and  by 
0-5236.  0-5236  h  (3 
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By  suitably  dividing  up  any  irregular  solid  its  volume  and 
weight  may  be  readily  arrived  at  with  sufficient  nearness  to 
avoid  over-melting  or  short-melting.  To  avoid  errors,  it  will  be 
best  to  do  all  calculations  in  inches. 

Allowance  must  be  made  in  melting  to  provide  sufficient 
metal  for  heads,  risers,  runners,  &c.  The  amount  necessary  for 
this  must  be  calculated  and  added  to  the  amount  previously 
determined. 


SPECIFIC  GRAVITIES  OF  VABIOUS  BODIES. 

Water    =  1  Steel,  soft....  =  7-833 

Drypine    ....      =0-5802  ,.    hard....  =7-816 

Coal    =1-2—1-31        Iron,  cast  ....  =6-8—7-5 

Brick      =2-0  „    wrought  =7-8 

Chalk     =2-78  Brass,  cast    . .  =  7-824 

Gritstone   =2-15  „      sheet  ..  =  8-396 

Millstone  Grit       =2-48  Copper,   cast  =8-788 

Marble  (average)  =  2-72  „        sheet  =  8-910 

Zinc,  cast  . .  . .      =7-190  Bismuth    ....  =9-823 

Tin,  cast    ....      =7-291  Silver =10-474 

Lead  .  =11-352 


TABLE  OF  NOTABLE  TEMPERATURES. 

F.  C. 

Sun,  lowest  estimate    10,800°  6,000° 

Electric  Furnace 6,500°  3,600° 

Oxyhydrogen  flame 5,070°  2,800° 

Bunsen  flame  (max.)  3,400°  1,888° 

Platinum  melts    3,230°  1,775° 

Wrought  Iron  melts    2,910°  1,600° 

Steel  (hard)  melts    2,500°  1,370° 

Copper  melts    1,980°  1,083° 

Cast  Iron  (lowest)    1,920°  1,050° 

Fluorspar 1,655°  902° 

Zinc  melts     786°  419° 

Coal  ignites  750°  400° 

Mercury  boils    674°  357° 

Lead  melts    620°  327° 

Bismuthmelts 514°  268° 

Tin  melts 450°  232° 

Water  boils 212°  100° 

Paraffin  wax                                                        113-140°  45-60° 
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TEMPERATURE  SCALES. 
POUILLETS 
Incipient  red 
Dull  red 

Incipient  cherry  red 
Cherry  red 
Clear  cherry  red 
Deep  orange 
Clear  orange 
White 

Bright  white 
Dazzling  white 

PYROMETERS. 

Pyrometers  are  instruments  for  the  measurements  of  high 
temperatures  beyond  the  range  of  thermometers. 


c. 

F. 

525 

977 

700 

1292 

800 

H72 

900 

1652 

1000 

1832 

1100 

2012 

1200 

2192 

1300 

2372 

1400 

2552 

1500—1600 

2732—2912 

OTTO  THALLMER. 
Brown  red  (550°  C.) 
Cherry  red (750  °C.) 
Bright  red 
Yellow  red 
Yellow 
Bright  yellow 
Dull  white 
Bright  white 


FIG.  239.— SECTION  THKOUGH  PLATINUM  RESISTANCE  THEKMOMETEB. 


APPENDIX. 


491 


Suitable  instruments  for  foundry  use  must  be  capable  of 
resisting  a  considerable  amount  of  handling,  if  not  rough  usage, 
should  be  portable,  easily  applied  without  interfering  with  the 
work  in  hand,  and  register  quickly. 

In  the  foundry  they  are  employed  with  advantage  in  ascer- 
taining the  temperatures  of  drying  stoves  and  of  metal  before 
pouring. 


FIG.  240. — WHIPPLE  TEMPERATURE  INDICATOR 


Many  types  are  available  for  different  purposes. 

(1)  Electrical  resistance  pyrometers.  In  these  an  electric 
current  is  passed  through  a  small  coil  of  fine  platinum  wire  en- 
closed for  protection  in  a  suitable  tube.  When  the  wire  is  hot 
it  resists  the  passage  of  the  current  more  strongly  than  when  cold. 
The  increase  in  resistance  is  measured  by  a  suitable  indicator, 
and  from  this  the  rise  in  temperature  is  deduced.  A  section 
through  a  platinum  resistance  thermometer  is  shown  in  Fig.  239, 
and  a  view  of  the  Whipple  indicator  in  Fig.  240.  The  tubes  can  be 
obtained  of  sufficient  length  to  be  placed  in  a  suitable  position, 
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but  they  are  not  suitable  for  use  in  ladles  of  hot  metal  and  similar 
situations. 

(2)  Thermal  junction  pyrometers.  When  two  wires  of 
different  character  are  joined  at  both  ends  and  one  end  heated 
an  electric  current  is  generated  and  flows  across  the  cold  junc- 
tion. It  makes  no  difference  if  a  copper  or  other  wire  be  used 
to  join  up  the  unheated  ends,  and  the  current  generated  may  be 
carried  through  a  suitable  indicator.  For  high  temperatures 
it  is  necessary  to  employ  metals  with  very  high  melting  points 
and  not  very  different  in  character.  For  such  purposes  one  wire 


FIG.  241.— PORTABLE  MILLI  VOLTMETER  WITH  THERMO  COUPLE. 

is  made  of  platinum  and  the  other  of  a  platinum  alloy  containing 
10  pe<:  cent,  of  rhodium  or  iridium. 

The  wires  are  fused  or  twisted  together  at  one  end,  and  for 
foundry  purposes  connected  by  the  other  to  a  millivoltmeter  as 
shown  in  Fig.  241.  The  wires  are  protected  by  suitable  tubes  of 
porcelain,  silica,  and  iron  to  prevent  direct  contact  with  the 
fluid  metal.  It  can  thus  be  used  to  thrust  it  into  the  hot  metal 
with  only  possible  damage  to  the  protecting  tube.  The  instruments 
shewn  are  made  by  the  Cambridge  Scientific  Instrument  Co. 

Optical  pyrometers  of  the  Wanner  type  are  constructed  to 
compare  the  light  emitted  by  a  hot  body  with  that  given  out  by 
a  certain  fixed  standard  lamp  under  such  conditions  that  the 
temperature  may  be  deduced  from  the  results  obtained.  Al- 
though of  very  complicated  character  it  is  easy  to  use  and  can  be 
carried  about. 
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FIG.  242.— FEBT  RADIATION  PYROMETER.    METHOD  OF  USE. 


FIG.  243.— SECTION  THROUGH  FERY  RADIATION  PYROMETER. 


494  APPENDIX. 

The  Nouel  and  Mesure  pyrometer  is  another  simple  optical 
pyrometer. 

The  Fery  pyrometer  is  an  instrument  in  which  the  heat 
radiated  from  an  opening  in  the  furnace  or  from  the  surface  of  a 
hot  body,  say  a  stream  of  molten  metal,  is  concentrated  on  a  small 
thermal  junction  situated  at  the  focus  of  the  mirror  or  combination 
of  lenses  by  which  it  is  focussed.  (Figs.  242  and  243.)  It  can  be 
accurately  focussed,  and  its  readings  are  independent  (within 
limits)  of  the  distance  from  the  object.  The  electromotive  force 
produced  is  registered  in  the  usual  manner.  It  is  very  con- 
venient and  is  accurate.  The  fault  from  a  foundryman's  point  of 


FIG.  -244. — FERY  SPIBAL  PYROMETER. 

view  is  that  it  indicates  surface  temperature,  which  may  be  much 
lower  than  that  of  the  interior. 

The  new  form  of  Fery  pyrometer  shown  in  Figs.  244-246  is 
constructed  on  a  different  principle.  The  heat  rays  are  focussed 
by  the  mirror  on  a  metal  coil  composed  of  flat  strips  of  different 
metals  soldered  one  inside  the  other.  That  having  the  highest 
coefficient  of  expansion  is  placed  innermost,  and  one  end  of  the 
coiled  strip  is  fixed.  When  the  temperature  rises  the  spiral  has 
a  tendency  to  uncoil  itself,  and  the  movement  is  indicated  by  a 
light  aluminium  pointer  fixed  to  the  free  end  of  the  coil.  The 
movement  of  this  finger  over  the  dial  gives  a  direct  reading. 
The  advantage  is  that  the  instrument  is  entirely  self-contained. 
Its  readings  may  be  calibrated  with  a  considerable  degree  of 
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accuracy.  At  1,000°  C.  a  variation  of  1  to  2  per  cent,  is  said  to  be 
the  maximum.  It  is  sighted  and  focussed  like  the  ordinary 
form.  The  Fery  Pyrometer  is  made  by  the  Cambridge  Scientific 
Instrument  Co. 

Accurate  indications  may  be  obtained  by  the  specific  heat 
pyrometer  of  Siemens.    (Fig.  247.)    It  consists  of  a  vessel  contain- 


FIG.  245.— SECTION  THBOUGH  FERY  SPIRAL  PYROMETER. 

ing  a  known  weight  of  water  suitably  protected  to  prevent  loss 
of^heat,  a  thermometer  to  register  the  temperature  of  the  water, 
and  a  copper,  iron,  or  platinum  ball  of  known  weight.  This  is 
placed  in  the  stove  till  it  has  attained  the  same  temperature  and 
then  dropped  into  the  water  the  temperature  of  which  has  been 
noted. 


FIG.  246.— THE  SPIRAL  FOUB  TIMES  FULL  SIZE.    FERY  SPIRAL  PYROMETER. 

From  the  rise  in  temperature  registered,  the  weight  of  water 
and  of  the  ball,  the  temperature  can  be  calculated  thus : — 
T1  =Final  temperature  of  water.     T  =Temperature  of  furnace. 
t     ^Original 

w    =  Weight  of  water  +  water  equivalent  of  instrument. 
W  =Weight  of  metal  ball. 
S     =Sp.  heat  of  metal  ball. 

(T1-^  w=  (T-T^xWxS. 


WS 


WS 
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FIG.  247.— SIEMENS'  SPECIFIC  HEAT  PYBOMETER. 
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For  rough  determination  a  tin  can  with  a  pint  of  water  and 
an  iron  bolt  or  ball  and  a  good  thermometer  may  be  used.  The 
Sp.  H.  of  iron  is  0-11. 

Besides  these  means,  fusible  mixtures  with  definite  melting 
points,  made  up  in  suitable  forms,  are  largely  employed. 

Seger  cones,  Brearley's  sentinel  pyrometer,  and  Watkin's  heat 
recorders  belong  to  this  class.  Fusible  pastes  are  also  obtainable. 

Wyborgh's  thermophones  consist  of  a  cylinder  of  refractory 
material  containing  a  small  amount  of  an  explosive.  When 
introduced  into  a  heated  region  the  length  of  time  that  elapses 
before  the  explosion  is  determined  by  the  temperature.  This  is 
ascertained  by  a  stop  watch,  and  a  table  supplied  with  the  ther- 
mophones gives  the  temperature.  They  are  dropped  into  a 
metal  pipe  the  ends  of  which  are  covered  and  placed  in  the  furnace. 
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By  Prof.  A.  HUMBOLDT  SEXTON,  F.I.C.,  F.C.S.  Price  514,  post  free. 

Gas  and  Oil  Engines. 

A  treatise  on  the  design,  construction,  and  working  of  internal  combustion  engines, 
operated  by  gas  from  town's  mains,  blast  furnaces,  pressure  and  suction  producers, 
as  well  as  by  oil  and  petrol. 
By  HORACE  ALLEN.  Price  72/77,  post  free. 

Stationary  Steam  Engines. 

Illustrated  with  numerous  examples  from  actual  practice. 
Edited  by  WILLIAM  H.  FOWLKR,  Wh.Sc.,  M.Inst.C.E.      Price  12111,  post  free. 


The  Scientific  Publishing  Co., 

53,  NEW  BAILEY  STREET,  MANCHESTER,  Eng. 


ADVERTISEMENTS. 
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FOUNDRY    PLANT. 


ALLDAYS'  "RAPID" 
CUPOLAS. 


CLIMAX,  ROOTS'  BLOWERS 
DUPLEX  FANS, 
BELT  OR  MOTOR 
DRIVE,   CORE 
QTJJNS, 
LADLES. 


Also  MOULDERS'  TOOLS,  BELLOWS, 
AIR  FURNACES,  ROLLING  FURNACES, 
CRUCIBLE  FURNACES  (OIL,  GAS,  AND 
COKE  FIRED),  OVERHEAD  TRACKWAYS 

ALLDAYS   &  ONIONS, 

Pneumatic  Engineering  Co.,  Ltd.  (Dept.  S.), 
BIRMINGHAM.     And  at  58,  Holborn  Viaduct,  E.G. 
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ADVERTISEMENTS. 


ADVERTISEMENTS. 
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FOUNDRY   EQUIPMENT. 

COMPLETE  CLEANING  ROOM  INSTALLATIONS 

Tumbling   Barrels,   Emery   Grinders,    Sand   Blasts,   &c. 
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A  Kot&vy  Table  Sand  Blast  Plant,  with  Dust  Exhauster  and  Automatic  arrangenientsllor 
returning  the  Sand,  for  Continuous  Working. 


MOULDING    MACHINES 

for  Hand  or  Power  Hamming  and  for  Large  or  Small  Castings. 


CORE  MAKING   MACHINES 

For  making  Straight  or  Irregular  Cores  of  almost  Every   Description. 

There  is  no  other  Machine  on  the  market  that  will  deal  with 
such  a  variety  of  Cores. 


SAND    PREPARING    MACHINES 

Complete  plants  for  preparing  moulding  and  core  sands. 

With    our   new    Automatic   Sand   Preparing   Apparatus   ONE 
Operator  can  deal  with  3  Tons  per  hour. 

Cupolas,  Ladles,  Mould  Driers,  Core  Ovens,  Pig  Breakers,  &c. 
We  are  prepared  to  submit  Prices  for  Complete  Foundry  Installations. 


i    LONDON  EMERY  WORKS  C°: 


PARK,  TOTTENHAM 


LONDON,  N 
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